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ABSTRACT
Boylan, Margaret, M.A., June 1976 Botany
Organization in the shoot apex of Vicia faba L. (108 pp.)
Director: David Bilderback ^  0
Lateral shoot apices of Vicia faba L. were dissected and 
cultured on Gamborg's B5 medium. Tr i t iated thymidine was applied 
to the surface cells on the center of the apex by placing a 
Sephadex bead on the apex for one hour. Analysis of buds collected 
at one, three, f ive,  seven, and nine days after  treatment shows 
that nuclei of 36% of the buds incorporated thymidine. Differential  
cuticle thickness probably prevents thymidine penetration into the 
remaining apices. When thymidine does enter the apex, i t  is 
rapidly translocated to al l  parts of the bud; nuclei of leaves and 
basal callus incorporate the isotope as readily as do nuclei of 
the apex i t s e l f .
Within the apex, the pattern of label l ing and mitotic act ivi ty  
suggests that a l l  regions are contributing equally to vegetative 
growth. In 23 of the 34 apices that were examined, mitotic 
figures and labelled nuclei were evenly distributed across the 
apex, there was no evident restrict ion of act ivi ty to any one 
part icular zone. In nine of the 34 apices, a distal ,  inactive 
region could be described, but mitotic figures and labelled nuclei 
were evenly distributed throughout the subdistal portion of the 
apex. Only in two of the 34 apices was there a dist inct ly inactive 
distal region as well as a central inactive area in the subdistal 
region.
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LITERATURE SURVEY 
INTRODUCTION
Recent Reviews
The shoot apex of  vas cu la r  p lants  has been the sub­
j e c t  of  ex tens ive  reviews dur ing the past 15 years .
General surveys of  c u r r e n t  concepts of  apica l  o r ga n i z a ­
t io n  have been given by Clowes (1961)  and Romberger (1963) ,  
C ut te r  (1965)  emphasized the exper imenta l  study of  shoot  
apex f u n c t i o n .  Wardlaw (1965 ,  1968) discussed the shoot  
apex in terms o f  both d e s c r i p t i v e  and exper imental  studies  
Nougarede (1967)  reviewed the c y t o l o g i c a l  aspects of  
ap ica l  o r g a n i z a t i o n  in angiosperms,  and G i f f o r d  and 
Corson (1971)  emphasized d e s c r i p t i v e  s tudies of  the shoot  
apex of  seed p l a n t s .
C la s s i c a l  Views
C l a s s i c a l l y ,  a t t e n t i o n  has focused on the d i s t a l  
region of  the shoot apex as being "the centre or focal  
po int  of  the meristem on which the i n t e g r i t y  and sus­
ta ined  development of  the pr imary ax is  depend" (Wardlaw,  
1957) .  From t h i s  v ie w po in t ,  the d i s t a l l y  located c e l l s
1
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of the apex are regarded as " i n i t i a l s "  from which a l l  
the t i ssue s  of  the shoot are u l t i m a t e l y  der ived .  In 
the lower va scu la r  p l a n t s ,  such as the f e r n s ,  the number 
of i n i t i a l s  " i s  sm a l l ,  f r e q u e n t l y  only a s in g l e  c e l l "  
(Bower, 1923) .  In the gymnosperms, such as Ginkgo 
(F o s t e r ,  193 8 ) ,  the " u l t i m a t e  source of  a l l  c e l l s  in the 
shoot a p e x . . . i s  represented by the ap ica l  i n i t i a l  group."  
In angiosperms,  e .g .  Heracleum (Majumdar,  1942) ,  the apex 
also cons is ts  of  a " s e l f  pe rp e tu a t in g  group of  cen t ra l  
i n i t i a l  c e l l s . "
French Theor ies
The c l a s s i c a l  v iewpo in t  has been cha l lenged,  however,  
by some workers ,  most no tab ly  in France.  P la n te fo l  (1947)  
proposed a new theory  o f  p h y l l o t a x i s  which i d e n t i f i e d  the 
subd is ta l  p o r t io n  o f  the apex as the p r in c ip a l  s i t e  of  
organogenesis .  This organogenic region was p ic tu red  as 
a mer is te ma t ic  r i n g ,  the "anneau i n i t i a l , " w h i c h  en c i r c l e d  
the apex below the top.  P l a n t e f o l ' s  theory was extended 
and expanded upon by Buvat ( 1 9 5 2 ) .  Buvat 's observat ions  
on the apices of  th ree  species of  d icots  (Myosurus, 
Lupinus, and Chei ranthus ) led him to po s tu la te  th a t  the 
c e l l s  of  the d i s t a l  por t ion  of  the apex were non- func­
t i o n a l ,  or qu ie s ce n t ,  dur ing v e g e t a t i v e  growth.  This  
c o n s t i t u t e d  a w a i t in g  mer istem,  or "meristeme d ' a t t e n t e , "  
which became f u n c t io n a l  only a t  the time of  f l o w e r in g .
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Located beneath the w a i t i n g  meristem was the p i t h  m er i ­
stem, or "meristeme m é d u l l a i r e . "  Thus the apex was 
composed o f  th ree  zones: the d i s t a l  "meristeme d " a t t e n t e , "  
respons ib le  f o r  i n f l o r e s c e n c e  fo rmat ion ;  the l a t e r a l  
"anneau i n i t i a l , "  respons ib le  f o r  l e a f  fo rmat ion ;  and 
the i n t e r n a l  "meristeme m é d u l l a i r e "  which gave r i s e  to 
the p i t h .
I n i t i a l  ev idence f o r  the French view came from
studies  of  the d i s t r i b u t i o n  of  m i t o t i c  f i g u r es  and c e r t a in
c y t o h i s t o l o g i c a l  chara c te rs  w i t h i n  the apex. The work
of Lance (1952)  showed the d i s t a l  por t ion  of  the apex
of  V i c i a  faba to be devoid of  m i t o t i c  a c t i v i t y  and th a t
the c e l l s  r i c h e s t  in l i p i d  de po s i t s ,  and hence the most
m e r is te m a t i c ,  were those of  the "anneau i n i t i a l . "
Camefort  (1950)  s t ressed t h a t  i t  was important  to
de f in e  ap i ca l  s t r u c t u r e ,
"not on a study of  c e l l  l i n e a g e s ,  but on an 
examinat ion of  c e l l u l a r  contents :  s t a te  of  
the nucleus,  m i t o t i c  f requency,  vacuolar  
volumes, aspect  of  the chondriome, and the 
de ns i ty  of  c e l l u l a r  i n c l u s i o n s . "
He found t h a t  the most d i s t a l  po r t io n  of  the apex of
Picea excel  sa conta ined l a rg e  vacuolate  c e l l s  which
r a r e l y  d i v id e d .  I t  was on the f l a n ks  of the apex th a t
c e l l u l a r  s t r u c t u r e  corresponded to the c l a s s i c a l  not ions
of mer is te ma t ic  a c t i v i t y .
Buvat and L i a rd  (1953)  extended these ideas to the
lower vas cu la r  p l a n t s .  In a study of  the ap ica l  c e l l  of
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Equi setum, they concluded,  on the basis of  m i t o t i c  f r e ­
quency, t h a t  t h i s  c e l l  could not be regarded as an 
" i n i t i a l "  in the c l a s s i c a l  sense.
Thus the French be l i ev ed  t h a t  v e ge ta t i v e  organogenesis  
was a t t r i b u t a b l e  to a l a t e r a l ,  subd is ta l  zone of  the apex.  
As in d ic a te d  by Lance (1954)  the d i s t a l  "meristeme 
d ' a t t e n t e "  only became m i t o t i c a l l y  a c t i v e  during t r a n ­
s i t i o n  to the f l o r a l  s t a t e .
APICAL ZONATION
Development of  the Concept
The concepts of  c y t o h i s t o l o g i c a l  zonat ion used by
the French were not new, but r a t h e r  they had been developed
prev io u s l y  by Foster  in his work on Ginkgo (1938)  and
Cycas (1 9 3 9 ) .  Foster  (1941)  had st ressed th a t  the c e l l s
of  the ap i ca l  meristem segregate in to
" t i  ssue zones. . .  demarcated by such characters  
as c e l l  s i z e ,  the s t r u c t u r e  and i n t e n s i t y  of
s t a i n i n g  of  the p r o t o p l a s t ,  the r e l a t i v e
th ickness of  the c e l l  w a l l ,  and the propro-  
t i o n a l  ra te s  of  c e l l  d i v i s i o n  and c e l l  
e n l a r g e m e n t . "
In gymnosperms such as Ginkgo the c e l l s  of  the ap ica l  
i n i t i a l  group were f r e q u e n t l y  l a r g e r  and more l i g h t l y  
s t a i n i n g  than the c e l l s  of  the apex per iphery .
Studies of  angiosperm apices also showed the presence 
of c y t o h i s t o l o g i c a l  p a t t e r n s .  Again,  the c e n t r a l l y  
located  " i n i t i a l s "  were f r e q u e n t l y  l a r g e r ,  more vacuo late .
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l i g h t e r  s t a i n i n g ,  and less m i t o t i c a l l y  a c t i v e  than the 
c e l l s  of  the me r i s t e ma t ic  f l a nk s  (Boke, 1941; Majumbar,
1 942 ) .
G i f f o r d  ( 1 9 5 4 ) ,  in not ing t h i s  apparent  p a r a l l e l i s m  
with the ideas o f  Buvat ( 1 9 5 2 ) ,  considered the d i s t a l  
c e l l s  merely to be in a " d i f f e r e n t  phys io log ica l  s ta te  
than c e l l s  in a more p e r i p he ra l  p o s i t i o n . "  The d i s t a l  
c e l l s ,  however,  were s t i l l  to be regarded "as the seat  
of  o r i g i n  of  a l l  c e l l s  of  the pr imary body even though 
c e l l s  o f  a subjacen t  region may be in a more a c t i v e  s t a t e . "
M i t o t i c  A c t i v i t y
M o d i f i c a t i o n  of  French t h e o r y . The hypothesis  
advanced by the French s t im u la te d  a new wave of  c y to lo g ic a l  
studies  of  the apex.  P a r t i c u l a r l y  s i g n i f i c a n t  were studies  
of m i t o t i c  a c t i v i t y  w i t h i n  the apex. The French soon 
modi f ied  t h e i r  as s e r t i o n  t h a t  the d i s t a l  zone was complete ly  
i n a c t i v e  m i t o t i c a l l y .  Buvat (1955)  admit ted the occasional  
occurrence of  d i s t a l  mi toses but denied tha t  they could be 
a t t r i b u t a b l e  to the a c t i v i t y  of  ap ica l  i n i t i a l s .  Rather  
these mitoses were due to r e g u la r  o s c i l l a t i o n s  in the 
"anneau i n i t i a l "  as i t  " regenera ted"  i t s e l f  a f t e r  having 
produced a l e a f .  The chances t h a t  t h is  " reg ene ra t i v e"  
wave of  mitoses would reach the apex summit depended 
mainly on the s i ze  of  the apex. I f  the apex was small
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then the "anneau i n i t i a l "  would encroach c lose r  to the 
d i s t a l  reg ion ;  i f  the apex were l a r g e ,  the chances of  
d i s t a l  mitoses were r a r e .
L o c a l i z a t i o n  of  m i t o t i c  a c t i v i t y . In a q u a n t i t a t i v e  
study of  m i t o t i c  f requency in Zanthi  um, M i l l i n g t o n  and 
F isk  (1956)  found t h a t  nuc le i  of  the l a rge  vacuolate  
corpus i n i t i a l s  d iv ided  only once f o r  every 20 d i v is io n s  
of  the small  densely cy toplasmic  c e l l s  of  the per iphera l  
zone. Despi te  t h i s  low r a t e  of  d i v i s i o n  they concluded 
t h a t  the c e n t r a l  i n i t i a l s  "p lay  a dynamic ro le  by con­
t r i b u t i n g  c e l l s  to o ther  zones."  The same conclusions  
were reached by Savelkoul  (1957)  in her study of  the 
d i s t r i b u t i o n  of  m i t o t i c  f i g u r e s  in the shoot apex of  
El odea. However,  Popham (1958)  working wi th Chrysan­
themum, f a i l e d  to f i n d  a d i s t a l  zone of  low m i t o t i c  
f requency.  Rather ,  the d i s t a l  c e l l s  of  the apex were 
the most a c t i v e  m i t o t i c a l l y .
These e a r l y  s tudies  merely involved the recording of  
the lo c a t i o n  and numbers o f  mitoses w i t h in  the apex. As 
noted by M i l l i n g t o n  and Fisk ( 1 9 5 6 ) ,  i t  would be more 
accurate  to express the number o f  mitoses in each zone 
as a percentage of  the number of  c e l l s  in tha t  zone,  
i . e . ,  in terms of  the m i t o t i c  index.  Even when th is  was 
done ( B e r n i e r  et  a l . ,  1964; Denne, 1966b) m i t o t i c  a c t i v i t y
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in the d i s t a l  p o r t io n  of  the apex was of ten  s i g n i f i c a n t l y  
lower than t h a t  on the pe r ip he ry .
Another problem encountered was the a r b i t r a r y  
d e f i n i t i o n  o f  the zone to which an observed mi tos is  was 
to be de lega ted .  Holder  and Owens (1972)  f a i l e d  to f i n d  
evidence f o r  e i t h e r  a l a t e r a l  "anneau i n i t i a l "  or fo r  
a d i s t a l  qu iescent  ce n t e r  in the apex of  Cosmos. However,  
they rioted t h a t  i f  they had included the m i t o t i c  index 
of  the l a t e r a l  tun ic a  wi th  t h a t  of  the pe r iphera l  zone,  
as is done by most workers ,  then an "anneau i n i t i a l "  
could be descr ibed.
Cel 1 cyc le  t i m e s . The i m p l i c a t i o n  behind studies of  
m i t o t i c  indices is t h a t  they r e f l e c t  the r e l a t i v e  growth 
a c t i v i t y  o f  the var ious  zones of  the apex, i . e . ,  the  
number of  observed mitoses a c c u r a t e ly  represents r e l a t i v e  
c e l l  d i v i s i o n  ra te s  and not j u s t  d i f f e r e n c e s  in the length  
of m i t o s i s .  This has been shown to be t rue  in studies of  
T r i f o l i u m  (Denne, 1966a ) ,  Datura (Corson,  1969) ,  and 
Si napsis (Bodson, 1 9 7 5 ) .  The accumulat ion of  metaphases 
a f t e r  t r ea tment  wi th  c o l c h i c i n e  was used to measure c e l l  
cycle t ime in d i f f e r e n t  regions of  the apex. In a l l  
three in s t an ce s ,  the d i s t a l  c e l l s  of  the apex d iv ided  
less f r e q u e n t l y  than c e l l s  of  the per ip he ry .  Leshem and 
Clowes (1 9 7 2 ) ,  who also used the metaphase accumulat ion  
t echn ique,  a r r i v e d  a t  the same conclusion f o r  Solanum.
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Jacqmard (1970)  used pulse l a b e l l i n g  wi th t r i t i a t e d  
thymidine to determine c e l l  cyc le  t imes in the apex of  
Rudbeckia. The p a t t e r n  was the same as in the other  
s tu d i es ;  the r a t e  of  c e l l  d i v i s i o n  was less in the d i s t a l  
zone than in the other  zones o f  the apex.
Both Denne (1966a)  and Corson (1969)  concluded from 
t h e i r  s tudies  t h a t  s ince the d i s t a l  c e l l s  do d iv ide  and 
the number of  c e l l s  in the d i s t a l  zone remains constant ,  
th is  zone must be c o n t r i b u t i n g  c e l l s  to o ther  regions of  
the apex.  Lyndon (1970a)  and Saint-Come (1973)  reached 
the same conclusion in regards to Pisum and Coleus 
re sp ec t i  v e l y .
Aut ora d io gra ph y . The development of  the techniques  
of  au torad iography produced a new tool  wi th which to 
augment s tudies  of  m i t o t i c  zonat ion in the apex. The 
use o f  r a d i o a c t i v e  n u c l e ic  acid precursors al lowed the 
i d e n t i f i c a t i o n  of  s i t e s  o f  DMA sy n t h es i s ,  i . e . ,  regions  
where m i t o t i c  a c t i v i t y  was presumed present  though no 
d i v i s i o n  f i g u r e s  were e v id e n t .
Ear ly  work involved the use of  and C^^ adenine
as markers,  and the r e s u l t s  of  such studies were of ten
34c o n t r a d i c t o r y .  In c o r p o r a t i o n  of  P throughout  a l l  
regions of  the apex was found in Pinus 1ambert iana  
(Par tanen and G i f f o r d ,  1958) .  A s i m i l a r  d i s t r i b u t i o n  of  
C^^ adenine was found by Clowes (1959)  in Coleus and
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th ree  species of  a q u a t ic s .  I t  was concluded t h a t  no 
"quiescent  center"  as hypothesized by the French was 
present .  However, work by Lance-Nougarède (1961)  showed 
a d e f i n i t e  zonal d i s t r i b u t i o n  of  adenine in the apices  
of Lupinus and Teucr ium. The d i s t a l  c e l l s  incorporated  
l i t t l e  of  the iso tope  in comparison to marked in c o r p o r ­
a t i on  by c e l l s  of  the pe r i p h e ra l  zone.
The disadvantage of  using and adenine lay
in t h e i r  l ack o f  s p e c i f i c i t y  f o r  DNA (Clowes,  1961) .  
T r i t i a t e d  thymid ine ,  due to i t s  high r e s o lu t i o n  and 
s p e c i f i c i t y  has been used in the more recent  studies of  
DNA sy nt h es i s .  The r e s u l t s  or  a t  l e a s t  the conclusions  
drawn from studies  of  thymidine inc or po ra t io n  have also  
been somewhat c o n t r a d i c t o r y .
G i f f o r d  (1960)  found c o n s i s te n t  l a b e l l i n g  in the 
ap ica l  c e l l  of  the fe rn  C e r a to p te r i  s and concluded i t  
was fu n c t i o n a l  as an i n i t i a l .  T a i l  lander  (1 965 ) ,  however,  
found no l a b e l l i n g  in the d i s t a l  por t ion  of the apex of  
Pinus pinea thus i n d i c a t i n g  no DNA synthesis occurred  
th e r e .  A s i m i l a r  p a t t e r n  was found by Lance-Nougarede 
and Bronchard (1 965) in the v e g e t a t i v e  apex of  Per i  11a.
I s o l a t e d  l a b e l l e d  nuc le i  were f r e q u e n t l y  found by 
G i f f o r d  e t  a l .  (1963)  in the d i s t a l  region of  the apices  
of Gossypi um, Tropaeolum, and V i t i s . However, Brown 
et  a l .  (1964)  demonstrated t h a t  nuc le i  of  the d i s t a l  c e l l s
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of Arabi  dops i s in corpora ted  a s i g n i f i c a n t l y  less amount 
of isotope than the nucle i  of  pe r ip he ra l  c e l l s .  Raju 
and Ho (1973)  found the same p a t te rn  in Euphorbia but 
concluded t h a t  since the d i s t a l  c e l l s  did incorpora te  
a small  amount of  thymid ine ,  DNA sy n thes i s ,  al though  
slow, must be occur r ing in th is  reg ion.
Autorad iograph ic  s tudies  which have provided strong  
evidence f o r  the French concepts have been those on 
Hel ianthus (Steeves e t  a l . ,  1 969; Langenhauer e t  a l . ,  1 974,  
1975) and on Ni co t i  ana (Sussex and Rosenthal ,  1973) .  A f t e r  
48 hours o f  cont inuous feed ing  wi th t r i t i a t e d  thymidine,  
Steeves e t  a l .  (1969)  could de te c t  no s i g n i f i c a n t  i n c o r ­
pora t ion in to  the d i s t a l  nuc le i  o f  the Hel ianthus apex.  
Since cy tophotometr ic  a n a ly s is  in d ic a te d  th a t  these nucle i  
were not a l l  held a t  the 2C leve l  i t  was concluded th a t  
DNA sy nt h e s i s ,  though very slow,  could be occur r ing in 
the d i s t a l  zone. When the exper iment  was repeated wi th  
f l o r a l  t r a n s i t i o n  apices thymi dine incor po ra t io n  was 
uniform throughout  the apex.
In a very i n t e r e s t i n g  exper iment ,  Langenhauer et  a l .  
(1974)  compared the r e a c t i o n  to sucrose s t a r v a t i o n  by 
the d i s t a l  zones o f  root  and shoot apices of  H e l i a n t h u s . 
When root  apices were c u l t u re d  on a s u c r o s e - d e f i c i e n t  
medium, m i t o t i c  a c t i v i t y  ceased w i t h i n  the apex. Subse­
quent t r a n s f e r r a l  o f  the apices to a medium wi th sucrose
n
and t r i t i a t e d  thymidine s t imu la ted  m i t o t i c  a c t i v i t y  
throughout  the apex,  even in the d i s t a l  c e l l s ,  as shown 
by the presence of  l a b e l l e d  n u c le i .  When the i d e n t i c a l  
procedures were c a r r i e d  out wi th the shoot apex, m i t o t i c  
a c t i v i t y  again was s t i mu l a te d  in the apex upon re tu rn  
to a sucrose medium. However, in th is  case,  there was 
no s t im u la t i o n  of  DNA synthesis in the d i s t a l  c e l l s .  I t  
was concluded th a t  the d i s t a l  zone represented a popula­
t ion  of  quiescent  c e l l s  which did not co n t r ib u te  to 
v e ge ta t i v e  growth.
In a f u r t h e r  study on Hel ianthus (Langenhauer et  a l . ,  
1975) the d i s t a l  c e l l s  of  the shoot apex were also found 
to be remarkably r e s i s t a n t  to s t im u la t i o n  of  m i t o t i c  
a c t i v i t y  by the hormone g i b b e r e l l i c  ac id .  While GA was 
e f f e c t i v e  in s t im u la t i n g  c e l l  d i v i s i o n  in a l l  other  apica l  
regions ,  the d i s t a l  zone remained qu iescent .  In f a c t  a 
group of  four  c e l l s  which had f a i l e d  to d i v id e  throughout  
the e n t i r e  v e g e t a t i v e  cyc le  could be i d e n t i f i e d  in the 
second tun ica  l a y e r .
Work on Ni co t iana by Sussex and Rosenthal (1 973) also  
i nd ica ted  the presence of  an i n a c t i v e  zone of  d i s t a l  ap ica l  
c e l l s .  C y to h is to l o g ic a l  zonat ion w i t h in  th is  apex is  
minimal ,  but f u nc t io n a l  zonat ion was shown by the pa t te rn  
of thymidine in c o r p o r a t io n .  A f t e r  48 hours of  feeding  
almost a l l  nucle i  in the pe r ip he ra l  region were heav i l y
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l a b e l l e d ,  and there  was a sharp boundary between th is  
region and the d i s t a l  zone of  u n la b e l l e d  n u c le i .
The d i s t a l  nuc le i  could be l a b e l l e d ,  however, i f  
the apex was s u r g i c a l l y  d iv ide d  and the pieces al lowed  
to regenerate  on a medium t h a t  conta ined thymidine.  A l l  
the c e l l s  of  the re o r g a n iz in g  apex incorpora ted thymidine  
i nc lu d in g  those which would form the new i n a c t i v e  d i s t a l  
zone. A f t e r  l a b e l l i n g ,  the apices were al lowed to grow 
on a thymidine f r e e  medium. Label was d i l u t e d  out of  
the p e r ip h e r a l  c e l l s  but remained concentrated in the 
d i s t a l  region i n d i c a t i n g  r a r e  or no n- e x is te n t  m i t o t i c  
a c t i v i t y  in these c e l l s .
Hi stochemi s t r y
Autoradiography,  then ,  has added a high degree of  
s o p h i s t i c a t i o n  to the e a r l i e r  at tempts of  l o c a l i z i n g  
m i t o t i c  a c t i v i t y  w i t h i n  the apex. In the same way a 
re f inement  of  h i s t o l o g i c a l  techniques has led to a c l e a r e r  
p i c t u r e  of  the nature of  the c y t o h i s t o l o g i c a l  zonat ion of  
the apex.  I n i t i a l  emphasis of  the French studies  was on 
d i f f e r e n c e s  in RNA d i s t r i b u t i o n  and n u c l e o l a r  volume 
between ap ica l  zones (Nougarede,  1967) .  However, the 
use of  new h is tochemical  methods has al lowed f u r t h e r  
and more p re c i se  c h a r a c t e r i z a t i o n  of  zonal pa t t e rn s .
Feulgen s t a i n i n g  f o r  DNA has f r e q u e n t l y  shown the 
presence of  a d i s t a l  zone of  c e l l s  wi th  l i g h t  s t a in i n g
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n u c le i .  Such a zone has been found in Chenopodi um 
seedl ings ( G i f f o r d  and Tepper,  1962) ,  Picea glauca 
(Vanden Born, 1962) ,  Douglas f i r  (Owens and Holder ,  1973) ,  
El odea (Ermakov, 1 966 ) ,  Hel i  anthus (Steeves e t  a l . ,  1969) ,  
and Euphorbia (Raju and Ho, 1973) .  The l i g h t e r  s t a i n i ng  
of these nucle i  would normal ly  i n d i c a t e  they contained  
less DNA than the darker  s t a in i n g  nucle i  of  the p e r i ­
pheral  c e l l s .  This then could be evidence in favor  of  
the "méristème d ' a t t e n t e "  concept.  However, since nucle i  
of the d i s t a l  c e l l s  f r e q u e n t l y  have a l a r g e r  volume than 
those of  pe r ip he ra l  zones,  the d i f f e r e n c e s  in s t a i n i ng  
i n t e n s i t y  may merely r e f l e c t  a d i l u t i o n  of  DNA r a th e r  
than an actua l  d i f f e r e n c e  in content  ( G i f f o r d  and Tepper,  
1962; Raju and Ho, 1973) .
Cytophotometr ic ana ly s is  has shown th is  to be t rue  
in Douglas f i r  (Owens and Holder ,  1973) .  Zonat ion in 
the apex was most prominent during the per iod of  needle  
i n i t i a t i o n .  H i t o t i c  a c t i v i t y  increased in the smal l ,  
dark ly  s t a in i n g  per ip he ra l  c e l l s .  In c o n t r a s t ,  an increase  
in nuclear  volume and a l ack of m i t o t i c  a c t i v i t y  produced 
a zone of  l a r g e ,  l i g h t  s t a in i n g  c e l l s  in the d i s t a l  por t ion  
of the apex. Cytophotometry showed th a t  the nucle i  of  
these c e l l s  a c t u a l l y  contained more DNA than did nucle i  
in o ther  regions of  the apex. The v isual  d i f f e r e n c e  in 
DNA content  was decept ive  due to the l a rge  volume of  the 
nucle i  in the d i s t a l  zone.
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Hence, Owens and Molder (1973)  did not consider  the 
d i s t a l  region of  the Douglas f i r  apex to be quiescent  
during the a c t i v e  growing season. M i t o t i c  a c t i v i t y  in 
th is  region was low but i t  did occur ,  most notably  during  
periods of  l e a f  i n i t i a t i o n ,  and though th is  zone is the 
l a s t  to be a c t i v a t e d  in the spr ing ,  i t  stays a c t i ve  
longer  than the other  zones in the f a l l .
D i f f e r e n t  r e s u l t s  were obtained by Ermakov (1967)  
in a cytophotometr ic  study of  El odea. Here the d i s t a l  
nucle i  were held at  the 2C lev e l  whi le  the r es t  of  the 
apex was a t  4C. This corresponded to the almost t o t a l  
lack of  mitoses in the d i s t a l  zone. However, El odea, 
being a p i t h le s s  a q u a t ic ,  had been exempted from adherence 
to the "meristeme d ' a t t e n t e "  concept (Lance-Nougarede and 
Loi seau, 1 960) .  Thus, t h i s  study cannot be used to support  
the idea of  a quiescent  ce n t e r .
Feulgen s t a in i n g  and cytophotometr ic  analys is  used 
by D'Amato and Avanzi (1968)  to study the apex of  Equisetum 
did provide evidence f o r  the "meristeme d ' a t t e n t e "  concept.  
D'Amato and Avanzi (1968)  c r i t i c i z e d  the r e l i a n c e  on 
autoradiography to i d e n t i f y  regions of  m i t o t i c  a c t i v i t y  
since autoradiography did not d i s t i n g u i s h  between DNA 
synthesis p repara to ry  to mi tos is  and th a t  l eading to 
en do po lyp lo idy . They showed tha t  the a l l eged  ap ica l  
" i n i t i a l "  c e l l  of  Equi setum was qu i t e  f r e q u e n t ly  po lyp lo id
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and thus must be viewed as a d i f f e r e n t i a t e d  c e l l  devoid 
of h is togen ic  p r o p e r t i e s .
In a r e b u t t a l  to th is  work on Equi setum, McAlpin and 
White (1974)  have shown t h a t  no endopolyploid nucle i  are  
present  in the " i n i t i a l "  region of  the Nephrolepis s to lon .  
In a d d i t i o n ,  t h e i r  ex tensive  survey of  28 fern taxa  
i nd ica ted  th a t  the ce n t r a l  sur face i n i t i a l s  are not  
quiescent .
Several  histochemical  s tu d i es ,  showing l o c a l i z a t i o n  
of enzyme a c t i v i t y ,  have in d ic a t ed  th a t  the d i s t a l  por t ion  
of the apex is m e t a b o l i c a l l y  a c t i v e  during ve ge ta t i v e  
growth.  Succinic  dehydrogenase,  i n d i c a t i v e  of  r e s p i r a ­
tory  a c t i v i t y ,  was found a t  high l e v e l s  in the d i s t a l  
por t ion  of  the apex of  Picea glauca (Vanden Born, 1962) ,  
Pinus lambert i ana (Fosket  and Miksche,  1966) ,  Pinus 
r a d i a t a  (Rid ing and G i f f o r d ,  1972) ,  and T r i t i c u m  aest ivum 
(Evans and Berg, 1972) .
Studies on RNA d i s t r i b u t i o n  have f r e q u e n t l y  shown 
the per ip he ra l  zone to be densely pyron inoph i11ic in 
comparison wi th the d i s t a l  por t ion  of  the apex ( G i f f o r d  
and Tepper,  1972; Nougarede et  a l . ,  1965; West and 
Gunckel , 1968) .  Histochemical  observat ions have been 
combined in some cases,  most notably  by the French,  wi th  
e le c t ro n  microscopic analyses of  r ibosomal d i s t r i b u t i o n .  
Nougarede and Bronchard (1965)  found a s i g n i f i c a n t l y
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l a r g e r  number of  ribosomes in c e l l s  of  the per ip he ra l  zone 
of Peri  11a compared wi th the d i s t a l  zone. Lyndon (1970b) ,  
however, found a uni form RNA d i s t r i b u t i o n  in the apex of  
Pi sum and concluded t h a t  the c r i t i c a l  d i f f e r e n c e  between 
zones was not the number of  ribosomes but the degree of  
ass oc ia t ion  in t o  polyr ibosomes.  DNA and t o t a l  p ro te in  
were also un i fo rmly  d i s t r i b u t e d  in Pi sum.
In the apex of  Euphorbia , RNA d i s t r i b u t i o n  was also  
uniform but DNA and nucleohistone l e v e l s  were higher  in 
the pe r ip he ra l  zone than in the d i s t a l  region (Raju and 
Ho, 1 973) .  The hi stones of  the d i s t a l  region were 
r e l a t i v e l y  poor in l y s in e  and t h i s  was thought  to be the 
reason fo r  low m i t o t i c  a c t i v i t y  in t h i s  zone. On the 
basis of  RNA content  the d i s t a l  region was be l i eved to be 
qu i te  m e t a b o l i c a l l y  a c t i v e .
Mol den and Owens (1972 ) s tudied RNA d i s t r i b u t i o n  in 
the v e g e t a t i v e  apex of  Cosmos. The per iphera l  c e l l s  had 
a high RNA content  but the m i t o t i c  index of th is  region  
was r e l a t i v e l y  low. Even though the per iph er a l  region  
appeared mer is temat ic  cyt o i o g i c a l l y , in r e a l i t y  i t  was not .
Exception - " In te r m e d i a te  Phase"
Zonation then can be recognized w i t h in  a ve ge t a t i ve  
apex on the basis of  c y t o l o g i c a l  f e a t u r e s ,  m i t o t i c  a c t i v i t y ,  
i n cor po ra t ion  of  i s o to p ic  DNA precursors,  and biochemical  
s t a i n i n g .  An except ion to th is  pa t te rn  was recognized
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by Lance (1957)  and f u r t h e r  discussed by Nougarede (1967 ) .  
This was the " in te r m ed ia te "  phase - the stage exper ienced  
by a q u a n t i t a t i v e  or f a c u l a t i v e  long or shor t  day p lant  
which is c o n s i s t e n t l y  exposed to a photoperiod unfavorable  
fo r  f lo w e r in g .  Such a p la n t  cont inues to produce leaves ,  
but i t s  meristem is no longer  s t r u c t u r a l l y  or c y t o l o g i c a l l y  
v e g e t a t i v e .  F u n c t i o n a l l y ,  the p la n t  is v e g e t a t i v e ,  but 
in the apex the quiescent  d i s t a l  region has been r e a c t i ­
vated .
To summarize t h i s  sect ion on ap ica l  zonat ion ,  as
Riding and G i f f o r d  (1972)  observed,
"zonal lo ca t io ns  of  p a r t i c u l a r  substances are 
va luab le  f o r  d e s c r i p t i v e  purposes. However,  
the lack of  a high concentra t ion  of  a p a r t i c u l a r  
substance in any one region of  the apex is not  
s u f f i c i e n t  evidence to re le g a te  th a t  port ion  of  
the apex to a t o t a l l y  passive fu n c t io n .  The 
apex should be i n t e r p r e t e d  as a whole func­
t i o n in g  u n i t . "
In a d d i t i o n ,  as noted by G i f f o r d  and Tepper (1962 ) ,
" i f  a l l  the c h a r a c t e r i s t i c s  common to c e l l s  of  
the meriSterne d ' a t t e n t e  of  Buvat (1952)  and 
Lance (1957)  had been found in the a x ia l  
summit c e l l s  of  the v e g e t a t i v e  apex,  th is  
would in no way r e f u t e  the presence of  ap ica l  
i n i t i a l  s . . . ( i t  would) merely in d i c a t e  th a t  
these c e l l s  d i v id e  less f r e q u e n t l y ,  not th a t  
they are not i n i t i a l s . "
EXPERIMENTAL APPROACHES
Liv ing Apices
Object ions were r e g i s t e r e d ,  most notably by Newman 
(1956)  and Bal l  ( 1 9 6 0 ) ,  to the tendency to bu i ld  theor ie s
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of  ap ica l  o r g a n i za t i on  s o l e l y  on the basis of  h i s t o l o g i c a l  
observat ions .  When surface d i v is io n s  in l i v i n g  apices  
were fo l lowed over t ime no evidence of a quiescent  center  
was found in Coleus or Tropaeolurn (Newman, 1956) or in 
V i c i a , Lupinus, or Asparagus ( B a l l ,  1960) .  Soma and Bal l  
(1963)  marked ce n t r a l  sur face c e l l s  of  l i v i n g  lupine  
apices wi th a puncture or a carbon spot.  With t ime the 
markers were c o n s i s t e n t l y  s h i f t e d  away from the center  of  
the apex again i n d i c a t i n g  the lack of  a quiescent  zone.  
S im i la r  studies  on Trachymene and V i c i a  y i e ld e d  comparable 
r e s u l t s  ( B a l l ,  1972) .  Bal l  denied a p p l i c a b i l i t y  of  the 
c l a s s i c a l  concept of  "c en t r a l  i n i t i a l s "  to th is  work 
since any ce n t r a l  c e l l s  of  these apices were not permanent  
but were only te m p o r ar i l y  located in the cente r .  Recent ly  
McAlpin and White (1974)  have used the carbon marker  
technique to demonstrate the occurrence of  m i t o t i c  a c t i v i t y  
in the sur face " i n i t i a l s "  of  f e rn  apices.
P e r i c l i n a l  Chimeras
Besides d i r e c t  observat ions on l i v i n g  ap ices,  c e l l  
l ineages have also been t raced i n d i r e c t l y  by studies  on 
co lc h ic in e  induced p e r i c l i n a l  chimeras.  In such a c h i ­
mera, a c e l l  l a y e r  of  one p lo idy  l ev e l  e n c i r c le s  a c e l l  
l ay er  of  another  p lo idy  l e v e l .  Co lch ic ine  t rea tment  of  
seeds (Sa t ina  et  a l . ,  1940) or buds (Dermen and Bain,  1944)  
can induce d i f f e r e n t  p lo i dy  l e v e l s  in the c e l l  layers  of
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the apex so t h a t  a p e r i c l i n a l  chimera forms. The c e l l s  
of a given p lo idy  l eve l  in the p lan t  body can then be 
t raced back to t h e i r  o r i g i n  in the apica l  l a y e r  of  the 
same p lo idy  l e v e l .  The three outer  c e l l  layers  of  the 
apex of Datura (Sa t ina  et  a l . ,  1940) and cranber ry  (Bain  
and Derman, 1944) func t ion  independent ly  in th a t  each 
l ayer  responds to c o lc h ic in e  d i f f e r e n t l y  by a t t a i n i n g  i t s  
own s p e c i f i c  p lo idy  l e v e l .  The mechanism fo r  the occur ­
rence of  a p e r i c l i n a l  chimera was expla ined in terms of  
apica l  i n i t i a l s  (Dermen, 1945) ,  so th a t  the mere ex istence  
of a p e r i c l i n a l  chimera was considered proof  of  ex is tence  
of i n i t i a l s  ( G i f f o r d ,  1954) .  In Ligustrum o v a l i f o l i u m , 
i t  was concluded t h a t  j u s t  one d i v i s i o n  in the i n i t i a l s  
was needed to produce four  internodes of  growth (Stewar t  
and Dermen, 1970) .  The i n i t i a l s  could mainta in t h e i r  
h istogen ic  r o le  wi th  a low m i t o t i c  index.
Apical  Surgery
Fur ther  exper imental  evidence of the nature of  
apica l  o r g a n iz a t i o n  has been furn ished by the use of  
surg ica l  t echniques.  B isec t ion  of  the apex of  V ic ia  
resu l te d  in the regenera t ion  of  a new shoot from each 
h a l f  of the apex ( P i l k i n g t o n ,  1929) .  Bal l  (1952)  d e t e r ­
mined th a t  1 /6  of  the lupine  apex was the minimum amount 
of area needed f o r  regenera t ion  to occur in th is  species.
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Flank c e l l s  t h a t  normal ly  produced leaves could,  wi th the 
proper s t imu lus ,  regenerate  an e n t i r e  shoot.  Thus the 
c e l l s  of  the apex did not have i r re v o c a b le  d e s t i n i e s .
In normal apex development,  however,  outgrowths of  
the f l anks  occur only wi th re g u la r  and c o n t r o l l e d  p rec is ion  
The surg ica l  experiments of  Wardlaw (1949)  on Dryopte r is  
i nd ic a t ed  t h a t  the ce n t r a l  ap ica l  c e l l  exercised a high 
degree of  cont rol  over shoot development.  The punctur ing  
or complete de s t r u c t i o n  of  the ap ica l  c e l l  caused growth 
of the apex to cease as i t s  area was consumed by buds and 
l eaves.  In s i m i l a r  puncture experiments on potato (Sussex,  
1963) ,  the apex surface was not consumed by l eaves,  but  
ax ia l  growth was ha l ted  and a new apex developed from one 
of the o r i g i n a l  f l a n k s .  Thus, Sussex concluded t h a t  the 
d i s t a l  c e l l s  of  the apex are u l t i m a t e l y  respons ib le  fo r  
continued h is togenes is  in the apex.
Response to I r r a d i a t i o n
The techniques of  rad i o b i o lo g y  have provided a more 
r e f in ed  method of  achiev ing the s e l e c t i v e  de s t r uc t io n  of  
ap ica l  zones. Kuehnert and Miksche (1964)  i r r a d i a t e d  the 
ap ica l  " i n i t i a l s "  of  the apex of  Osmunda wi th a deuteron 
microbeam. The " i n i t i a l s "  and a narrow channel of  sub­
ja c en t  p i t h  mother c e l l s  were destroyed.  In response to 
the i n s u l t ,  a new meristem was organized from c e l l s  of  
the f lanks  of  the o r i g i n a l  apex. This response d i f f e r e d
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from th a t  which Wardlaw (1 949) obtained in Dryopter i  s 
and r a t h e r  conformed more c l o s e ly  to the rege nera t i ve  
pa t te rn  of  the potato (Sussex,  1963) .
The use of  x - i r r a d i a t i o n  has also been adapted to 
studies of ap ica l  morphogenesis.  The d i s t a l  c e l l s  of  the 
apex have been found to be more r a d i o s e n s i t i v e  than 
per iphera l  c e l l s  (Lapins and Hough, 1970) .  The observat ion  
is d i f f i c u l t  to e x p l a i n ,  as Lapins and Hough note,  since  
the g e n e r a l l y  recognized p o s i t i v e  r e l a t i o n s h i p  between 
c e l l  a c t i v i t y  and r a d i o s e n s i t i v i t y  is co n t ra d ic te d .
Exposure of  Pinus 1ambert iana seedl ings to x - rays  
complete ly  i n h i b i t e d  needle i n i t i a t i o n  and expansion of  
prev ious ly  formed pr imordia  (Fosket  and Miksche,  1966) .  
Succinic dehydrogenase a c t i v i t y  was qu ick ly  l o s t  from the 
d i s t a l  c e l l s  though i t  remained high in the sub-apica l  
regions.  These r e s u l t s  in d i ca te d  th a t  the c e l l s  of the 
d i s t a l  region might be respons ib le  fo r  the product ion of  
some substance needed in l e a f  i n i t i a t i o n .
On the other  hand, the response of  Hel ianthus seed­
l ings  to X - i r r a d i a t i o n  provides some evidence f o r  the 
meriSterne d ' a t t e n t e  concept (Langenhauer and Davis ,  1973) .  
With high exposures the apex was i r r e p a r a b l y  damaged, and 
a new apex formed from undamaged per ip he ra l  c e l l s  or from 
an a x i l l a r y  bud. With suble tha l  exposures the apex under­
went s e l f - h e a l i n g  and, a f t e r  an adjustment per iod ,  again
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produced normal leaves.  During th is  per iod of  normal l e a f  
product ion ,  v i s i b l y  damaged c e l l s  were present  in the 
d i s t a l  zone of  the apex. The damage to the d i s t a l  zone 
remained l a t e n t  u n t i l  f l o wer ing  when i t  was expressed by 
the occurrence of  an abnormal in f lo r es ce n ce .
SUMMARY
The main theme throughout  th is  review has been the 
ev o lu t io n  of  techniques used to study form and func t ion  
of the shoot meristem. The t rend has been toward increased  
s o p h i s t i c a t i o n  and p r e c i s i o n ,  r e s u l t i n g  in a much c l e a r e r  
p i c tu re  of  ap ica l  o r g a n i z a t i o n ,  but the basic c o n f l i c t  
over the r o l e  of  the d i s t a l  c e l l s  as i n i t i a l s  s t i l l  remains 
Hence the cu r re n t  study has been undertaken fo r  two 
basic purposes: 1) to design a more prec ise  method of
in t roduc ing  t r i t i a t e d  thymidine in to  the shoot apex, and 
2) to apply t h i s  method to a s p e c i f i c  problem - namely,  
ap ica l  o r g a n iz a t i o n  in V ic ia  faba L.
Chapter I I  
MATERIALS AND METHODS
Growt h
Seeds of  V ic ia  faba L. were obtained from Carol ina  
Bi o l og ic a l  Supply Co.
Plants were grown in the growth chamber at  20 + 2°C 
under 1000 f t .  c. of i l l u m i n a t i o n  and a 12 hour photoperiod  
A f t e r  21 days,  leaves were removed from the stem thus 
exposing the a x i l l a r y  buds. Each bud was excised along 
with a por t ion  of  stem t i s su e  to f a c i l i t a t e  handl ing.
Buds were s t e r i l i z e d  f o r  20 minutes in 3 % Clorox and then 
r insed in s t e r i l e ,  d i s t i l l e d  water .
D issec t ion and Cul ture
Leaves were removed from the bud u n t i l  the ap ica l  
dome was observed.  The growing t ip s  of  the pa lmate ly  
lobed l e a f  primordium c lo se s t  to the apex (u s u a l l y  P^) 
were removed. This procedure insured th a t  the apex would 
remain unobscured p r i o r  to t reatment  t ime.  The base of  
the i n ju r e d  l e a f  pr imordium, as wel l  as the younger,  non- 
lobed l e a f  pr imordia  (u s u a l l y  Pg and P^) ,  were l e f t  on the 
ex p l a n t .  In a d d i t i o n ,  a por t ion  of the subjacent  pro-  
vascu lar  t i s s u e ,  c o r t ex ,  and epidermis was also inc luded.
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Apices were cu l tu red  on Gamborg's B5 medium (Gamborg 
et  a l . ,  1968) s o l i d i f i e d  wi th 1.5% Di fco agar (Table 1) .
The medium was modi f ied to contain 5 x 10”  ̂ M be nz y l - 
adenine and no auxin (Kar tha et  a l . ,  1974) and was d i s ­
pensed in to  60 X 15 mm s t e r i l e  p l a s t i c  p e t r i  dishes.  Six 
apices were then placed in each dish.  Apices were grown 
in a growth chamber a t  23 + 2°C, under 175 f t .  c. of  
i l l u m i n a t i o n ,  and wi th an 18 hour photoper iod.  The explants  
were al lowed to e q u i l i b r a t e  fo r  three  days to c u l tu re  
condi t ions  before t reatment  and were t r a n s f e r r e d  to f resh  
media seven days a f t e r  d i s s e c t io n .
Preparat ion  of  Beads
S t e r i l e ,  r a d i o a c t i v e  thymidine u t i l i z e d  fo r  th is  
study was m e th y l - l a b e l  led wi th s p e c i f i c  a c t i v i t y  of 25 
Ci/mM and 1 mCi /ml .  Sephadex G25 beads, wi th diameters  
of 10-40 pm, were used to apply thymidine to the apex.
Beads were autoclaved a t  15 psi f o r  15 minutes.  A 
small group of  the beads was t r a n s f e r r e d  to a s t e r i l e  
glass p e t r i  d ish.  Using a m i c r o l i t e r  sy r inge ,  1 pi of  
t r i t i a t e d  thymidine was dropped on the beads. Excess 
beads were removed so t h a t  only a th in  monolayer,  approx­
imate ly  2 ,000 beads, remained w i t h in  the drop of  thymidine.  
A f t e r  three minutes beads were dry and another  drop of  
thymidine was added. Two types of  beads were prepared:
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Table 1. Composition of  the B5 medium used in c u l t u r i n g  
the l a t e r a l  shoot apices of  V ic ia  f a b a .
compound mg/ 1 compound amount / 1
NaHgPO^/HgO 150 MnSO^'HgO 1 0 mg
KNO3 3000 H3 BO3 3 mg
(NH^igSO^ 134 ZnSO^'/HgO 2 mg
MgSO^'THgO 500 Na2Mo0 ^ ' 2H20 250 pg
CaClg'ZHgO 1 50 CuSO^ 25 pg
I ron^ 28 CaClg'BHgO 25 pg
N i c o t i n i c  acid 1 KI 750 pg
Thi amine■HCl 10 Sucrose 20 g
Pyri  dox in e • HCl 1 Benzyladeni  ne 112 pg
m - I n o s i t o l 100 agar  
pH:5.5
15 g
^Fe a f t e r  Murashige and Skoog, 1962.
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one group rece ived a t o t a l  of  50 yl of  thymidine (50 yl  
beads) and a second group rece ived 100 yl (100 yl beads) .
Treatment of  the Apex
Beads ranging in diameter  from 10-20 ym were i n d i ­
v i d u a l l y  se lec ted from the i n i t i a l  10-40 ym mix tu re .  The 
beads were picked up on the t i p  of  a f i n e  pointed s tee l  
needle.  Using a b inocu la r  d issec t ing  microscope,  the 
cente r  of  the apex was located  and a bead was c a r e f u l l y  
posi t ioned on i t .  Apices were t r e a te d  wi th e i t h e r  50 yl  
beads or 100 yl  beads. In a d d i t i o n ,  a cont rol  group of  
apices was t r e a t e d  wi th n o n - r a d io a c t i v e  beads.
The 100 yl beads remained on the apex fo r  e i t h e r  one 
hour or 24 hours.  The 50 yl  and control  beads remained 
on f o r  one hour.  Beads were removed from the apex on the 
t i p  of  a s tee l  needle.
C o l l e c t i o n
Apices were c o l l e c t e d  a t  1, 3, 5, 7,  and 9 days 
fo l lo w i ng  bead removal .  Apices were f i x e d  overn ight  in 
3 % g lu ta ra ldehyde  bu f fered  to pH 6 .8  wi th 0.05 M phosphate 
b u f f e r .  Fol lowing f i x a t i o n  apices were passed through 
three 15 minute b u f f e r  r inses and then stored in b u f f e r  
in the r e f r i g e r a t o r .
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Hi s toloqy
Apices were squashed in order to check q u ic k ly  t o t a l  
thymidine in co r po ra t io n  and m i t o t i c  a c t i v i t y .  Apices were, 
stained i n t a c t  by the Feulgen technique of  Feder and 
O'Br ien (1968 ) .  Hydro lys is  was modi f ied to 25 minutes 
in 5 N HCl at  room temperature .  A f t e r  s t a i n i n g ,  leaves,  
stem t i s s u e ,  and c a l lu s  were removed so tha t  only the 
apica l  dome i t s e l f  remained.  Using procedures suggested by 
by Gude (1 96 8 ) ,  the ap ica l  domes were squashed in a drop 
of  45% a c e t ic  acid on a glass microscope s l i d e .  Sl ides  
were placed immediately on a block of  dry ice and cover  
s l i p s  were removed wi th a razor  blade a f t e r  f i v e  minutes.
Other c o l l e c te d  m at e r i a l  was dehydrated through an 
alcohol  s e r i e s ,  embedded in glycol  m eth acr y la te ,  and 
sect ioned using the procedures of Feder and O'Br ien (1968 ) .  
S e r i a l ,  l o n g i t u d i n a l  sect ions were cut .  Apices t r ea te d  
with r a d i o a c t i v e  beads were sect ioned at  5 pm onto g e l a t i n  
coated "subbed" s l i de s  (Gude, 1968) and sta ined by the 
Feulgen technique as above. Control  apices were sect ioned  
at  1 pm onto p l a i n  glass s l i d e s ,  s ta ined wi th the PAS 
schedule of  Feder and O'Br ien (1 96 8 ) ,  and countersta ined  
with a n i l i n e  blue-black f o r  45 seconds ( F i s h e r ,  1968) .  
Coversl ips were mounted wi th Permount on s l i des  of  control  
apices d i r e c t l y  a f t e r  s t a i n i n g .
The number of  apices squashed and sect ioned from 
each c o l l e c t i o n  is summarized in Table 2.
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Table 2 . Number of  buds c o l l e c t e d  and examined from each 
t rea tment  group. C o l l ec t i o n s  were made on 
a l t e r n a t e  days fo l lo w i ng  t rea tment .
type of  t rea tment
100 pi beads
1 hour t rea tment  
1 day
3 , 5 , 7 , 9  days 
24 hour t rea tment  
1 , 3 , 5 , 7 , 9  days
number of  buds examined per day 
squashed apices sect ioned buds
34
5
15
15
50 yl beads
1 hour t rea tment  
1 day
3 , 5 , 7 , 9  days
34
5
15 
1 5
contro ls
1 hour t rea tment  
1 day 
3 days 
5 days 
7 days 
9 days
5
5
5
5
5
2
4
2
2
4
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Autoradiography
In g e n e r a l , the procedures used were those of Gude 
( 19 68 ) .  S l ides wi th  squashed or sect ioned ma te r ia l  were 
dipped in Kodak NTB-3 emulsion and stored in l i g h t  t i g h t  
boxes wi th a dess ican t  at  4°C. Squashes were developed 
a f t e r  a 20 day exposure.  With the sect ioned m a t e r i a l ,  
a t e s t  s l i d e ,  conta in ing  non-median se c t i o ns ,  was developed 
at  20 days. I f  r a d i o a c t i v e  thymidine incor po ra t ion  could 
be de tec ted ,  the remaining s l i des  f o r  t h a t  apex were also  
developed.
S l ides were developed in 019 developer  fo r  three  
minutes,  t r a n s f e r r e d  to an acid stop bath f o r  ten seconds,  
f i x e d  in Kodak f i x e r  f o r  three minutes,  and r insed fo r  ten 
minutes.  Coversl ips  were mounted wi th  Permount.
C o l l e c t i o n  of  Data
Median sect ions of  the apex were recognized by the 
degree of  i n t e g r i t y  of  the two tunica  l a y e r s .  The ser ies  
of sect ions wi th the tun ica  c l e a r l y  def ined was noted and 
the sect ion which f e l l  in the middle of  the se r ies  was 
considered to be the exact  median. The o u t l i n e  of th is  
sect ion of  the apex was drawn at  400X under phase i l l u m i n ­
a t ion  wi th a camera l u e ida .  The po s i t i on  and shapes of  
a l l  m i t o t i c  and l a b e l l e d  c e l l s  were in d i ca te d  on the 
di agram.
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As noted by Lance (1 9 5 2 ) ,  when V ic ia  apices are 
sect ioned a t  5 ym approximate ly  h a l f  o f  the nucleus is  
present  in one sect ion .  Thus by matching ce l l  o u t l i n e s ,  
i t  is q u i t e  easy to o r i e n t  ad jacent  sect ions p r e c i s e l y .  
Based on the median s e c t io n ,  then,  the m i t o t i c  a c t i v i t y  
and the in cor po ra t io n  of  thymidine in to  the bud fo r  six  
consecut ive sect ions on e i t h e r  side of  the median (13 
sect ions t o t a l )  was recorded.
Non-Cul tured M a te r ia l
La te r a l  buds were removed from 21 day old plants  
and f i x e d  d i r e c t l y .  Dehydrat ion and embedding were as 
above. S e r i a l ,  l o n g i t u d i n a l  sect ions were made a t  3 ym 
and s ta ined wi th t o i u id ine  blue (Feder and O 'B r i en ,  1968)  
or wi th PAS-an i l ine  b l ue -b la c k  (Feder and O 'B r i en ,  1968;  
F i she r ,  1968) .
Chapter I I I  
RESULTS
Growth of  Excised Buds in Cul ture
The apex, when excised and exposed by removal of  
overarching l e a f  p r i m or d i a ,  is pale green in c o lo r ,  but  
gr ad ua l l y  becomes green wi th exposure to the l i g h t  of  
the growth chamber. During the f i r s t  week in c u l t u r e ,  
a considerab le  amount of  ca l l u s  forms along cut surfaces  
in contact  wi th  the medium and from dead l e a f  bases of  
the ex p l a n t .  There is l i t t l e  in ternode e longat ion under 
c u l t u re  c o n d i t io n s ,  and a f t e r  21 days ap ica l  growth slows 
and gr ad ua l l y  ceases.  Buds p r o l i f e r a t e  from the basal  
c a l l u s ,  and a f t e r  two months one or more of  the buds 
elongates in to  a m in ia tu r e  shoot approximate ly  3 cm in 
length wi th wel l  developed internodes and leaves (F igure  1) 
Anatom ica l l y ,  the shoot apex of  V i c i a  has a b i s e r i a t e  
t u n ic a ,  i . e .  two outer  c e l l  layers in which the plane of  
d i v is io n s  is p r i m a r i l y  perpend icu la r  to the surface of  
the apex (F igure  2 ) .  Below th is  is the corpus where the 
plane of  c e l l  d i v i s i o n  is random.
H i s t o c h e m i c a l l y , s tarch grains are absent from the 
d i s t a l  por t ion  of  the apex of  an i n h i b i t e d  l a t e r a l  bud
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Figure 1. Growth of  d issec ted  l a t e r a l  bud o f  V ic ia  a f t e r  
two months on c u l t u r e .  The o r i g i n a l  excised  
apex has ceased to grow and remains as dead,  
brown growth.  In the middle a green,  l e a f y  
shoot has grown out from the side of  the basal  
c a l l u s .
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Figure 2.  Median,  l o n g i t u d i n a l  sect ion through the 
l a t e r a l  bud o f  V ic ia  f a b a . Note the  
d i s t i n c t i v e ,  b i s e r i a t e  t u n ic a .  T o l u i d i n e -  
b lu e ,  X 100.
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(F igure 3 ) .  Starch gra in  depos i t ion  begins in the mer i -  
stemat ic  c e l l s  above the ap ex -p i th  i n t e r f a c e  and cont inues  
down in to  the p i t h  (F igure  4 ) .  Starch grains are also  
deposi ted in l e a f  pr imordia  and d i f f e r e n t i a t i n g  leaves.
The starch grains are always small and enclosed wi th  
p l a s t i d s ,  as is the case wi th cu l tu red  buds (F igure  8 ) .
During the f i r s t  week in c u l t u r e ,  starch grains can 
also be found in the p i t h  and l e a f  pr imordia .  However,  
the apex i t s e l f ,  i nc lud ing  the p i th  mother c e l l  r egion,  
is devoid of  starch g ra in s .  Starch gra in deposi t ion  is 
heav iest  in young leaves and l e a f  base ca l lu s  (F igure  5) 
and also occurs along the outer  edges of  the basal ca l lus  
(F igure  6 ) .
A f t e r  the f i r s t  week in c u l t u r e ,  the p i th  is devoid 
of starch grains though p l a s t i d s  remain (F igure  7 ) .  
Deposi t ion is l i m i t e d  to c e l l s  of  young leaves ,  l e a f  bases 
of excised leaves and the per iphery  of  the basal c a l l u s .  
Again,  in these a reas ,  the grains are usua l l y  deposi ted  
in p l a s t i d s  (F igure  8 ) .
In summary, when the i n h i b i t e d  l a t e r a l  buds are  
placed on c u l t u r e ,  s tarch is mobi l i zed  out of  the mer i -  
stemat ic  region of  the apex above the p i th  and then from 
the p i t h  i t s e l f .  Deposi t ion in cu l tu red  apices occurs 
p r i m a r i l y  in the ca l l u s  and young leaves.
Figure 3.  Outer por t ion  of  the apex of  the l a t e r a l  bud 
showing lack o f  s tarch grain depo s i t io n .  
PAS-an i l ine  b l u e - b l a c k ,  x 400.
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Figure 4.  Starch grain  depos i t ion  in mer is temat ic  c e l l s  
at  the a p ex -p i th  i n t e r f a c e  and also in mature 
p i t h  c e l l s .  PAS-an i l ine  b l u e - b l a c k ,  x 1000.
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Figure 5. Leaf  base ca l l u s  and ad jacent  l e a f  of  cu l tu red  
bud. Note heavy starch g ra in  dep o s i t io n .  
P AS-an i l ine  b l u e - b l a c k ,  x 160.
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Figure 6.  Basal c a l lu s  from a bud f i x ed  four  days a f t e r  
d i s s e c t i o n .  Starch gra in deposi t ion  is  
ev iden t  in the p l a s t i d s  of  the cytoplasm.  
PAS-ani l ine  b l u e - b l a c k ,  x 1000.
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Figure 7. Starch g ra in  l o c a l i z a t i o n  in the p i t h  of
cu l tu red  ap ices,  a) bud f i x e d  during f i r s t  
week of  c u l t u r e ,  s tarch grains ev iden t  in 
p i t h ,  b) bud f i x e d  during second week of  
c u l t u r e ,  no starch grains  seen in the p i t h ,  
though p l a s t i d s  are s t i l l  present .  Both 
buds s ta ined wi th PAS-an i l ine  b l u e - b la c k ,
X 400.
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Figure 8. Starch g ra in  deposi t ion in the per iphera l
c a l l u s .  Grains are d i s t i n c t l y  enclosed wi th  
p l a s t i d s .  X 1000.
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Thymidine Incor po ra t ion
P re l i m in a r y  exper iments . I n i t i a l l y ,  at tempts were 
made to determine the minimum t reatment  time needed to 
obtain l a b e l l i n g  of  n u c l e i .  Five apices were randomly 
se lec ted from each t rea tment  and squashed. As seen in 
Table 3 the number of  apices l a b e l l e d  a f t e r  one hour of  
t rea tment  is c lo se ly  comparable to the number l a b e l l e d  
a f t e r  24 hours of  t r ea tm en t .  Thus, in subsequent  
exper iments,  only a one hour t reatment  t ime was used.
I t  became necessary to determine what e f f e c t  a l t e r i n g  
the amount of  thymidine in the beads would have on the 
number of  apices l a b e l l e d .  Apices were t r e a t e d  wi th beads 
th a t  had been soaked in e i t h e r  50 pi or 100 pi of  thymi ­
dine.  Again,  apices were randomly se lected from each 
t rea tment  and squashed. The data presented in Table 4 
i n d i ca te s  th a t  more apices are l a b e l l e d  when t r e a te d  
with 100 pi beads. However, combined data from both 
sect ioned buds and squashed ap ica l  meristems in d ic a te s  
t h a t  there is no d i f f e r e n c e  in the number of  apices  
l a b e l l e d  fo l lo w in g  the two d i f f e r e n t  t reatments (Table 5 ) .
Analysis of  squashes. Squashed apices were examined 
on the basis of  th ree  c r i t e r i a :  (1 )  m i t o t i c  index,
(2)  percentage of  l a b e l l e d  mi toses,  and (3)  percentage  
of l a b e l l e d  c e l l s .  The l a rge  number of  buds c o l l e c te d
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Table 3. Number of  apices l a b e l l e d  a f t e r  t rea tment  fo r  
one hour or 24 hours wi th beads soaked in 
100 yl  of  thymidine (100 y 1 beads) .  Data 
obtained from squashing the apices on a l t e r ­
nate days f o l l o w i n g  t rea tment .  Numbers in 
parentheses i n d i c a t e  sample s i z e .
number of  apices l a b e l l e d  
day c o l l e c t e d  1 hour t rea tment  24 hour t reatment
0 hour - 5 (5 )
1 5 (5 ) 3 ( 5 )
3 3 (5 ) 3 (5 )
5 4 ( 5 ) 3 (5 )
7 3 (5 ) 4 (5 )
9 2 (5 ) 3 (5 )
percentage of  
l a b e l l e d  apices z: 68% 70%
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Table 4. Number of  apices l a b e l l e d  a f t e r  t rea tment  f o r  
one hour wi th beads soaked in e i t h e r  100 pi of  
thymidine (100 pi beads) or 50 pi of  thymidine  
(50 pi beads) .  Data obtained from squashing 
the apices on a l t e r n a t e  days fo l lo w in g  t r e a t ­
ment. Numbers in parentheses in d ic a t e  sample 
s i ze .
day c o l l e c t e d
number of  apices l a b e l l e d
50 pi bead 
t rea tment
100 pi bead 
t rea tment
1
3
5
7
9
10(34)
1(5 )
3(5 )
1 (5 )
2 (5 )
10(34)
3 (5 )
4 ( 5 )
3 (5 )
2 (5 )
percentage of  
l a b e l l e d  apices 31% 40%
Table 5. Number of  apices l a b e l l e d  a f t e r  t rea tment  f o r  one hour wi th  e i t h e r  
100 yl  or 50 yl beads. Data obtained from apices c o l l e c t e d  on 
a l t e r n a t e  days fo l lo w in g  t r ea tment .  E i t h e r  the e n t i r e  bud was 
sect ioned or the ap ica l  meristem was squashed. Data on number 
of  l a b e l l e d  apices fo l lo w in g  both procedures is combined. Numbers 
in parentheses in d i c a t e  sample s i ze .
50 yl
number 
bead t reatment
of  apices l a b e l l e d  
100 yl bead t rea tment
c o l l e c t e d sect ioned squashed t o t a l sec t i  oned squashed t o t a l
1 8(15 ) 10(34) 18 4 (1 5 ) 10(34) 14
3 4(15) 1(5 ) 5 5 (15 ) 3 (5 ) 8
5 9(15) 3 (5 ) 12 7 (15 ) 4 ( 5 ) 11
7 2 (15) 1 (5 ) 3 3 (15 ) 3 (5 ) 6
9 6(15) 2 (5 ) 8 5(15) 2 (5 ) 7
percentage of buds l a b e l l e d  = 36% 36%
CJ1
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at  day one gives an i n d i c a t i o n  as to the i n i t i a l  range of  
i n c o r p o r a t i o n .  Out of  34 buds c o l l e c te d  one day a f t e r  
t rea tment  wi th  50 pi beads, ten were l a b e l l e d .  The same 
r a t i o  held fo r  buds t r e a te d  wi th 100 yl beads, ten of  the 
34 buds c o l l e c t e d  one day a f t e r  t reatment  were l a b e l l e d .  
Data on in d i v i d u a l  buds squashed one day a f t e r  t rea tment  
is given in Table 5. A comparison of  the means of  the  
percentage of  l a b e l l e d  c e l l s  in the apices of  the two 
t rea tment  groups gave a " t " -  va 1ue of  0 .0178.  At the 
95% conf idence l e v e l ,  then,  no s i g n i f i c a n t  d i f f e r e n c e  
can be detected between the means.
The observa t ion  t h a t  these two parameters,  number 
of buds l a b e l l e d  and percentage of  nucle i  l a b e l l e d ,  are 
s i m i l a r  regard less o f  whether t reatment  is wi th  a 50 yl 
bead or a 100 yl bead, s t ro n g ly  in d ic a te s  th a t  there is  
no s i g n i f i c a n t  d i f f e r e n c e  between the two types of  
t rea tment .  Thus in the f o l l o w i n g  analyses of  squashed 
and sect ioned m a t e r i a l ,  r e s u l t s  obtained from the two 
t reatments are combined and discussed c o l l e c t i v e l y .
On an i n d i v i d u a l  basis the data in Table 6 also  
i n d i ca te s  th a t  there  is no p o s i t i v e  c o r r e l a t i o n  between 
the m i t o t i c  index and degree of  thymidine i n c o r p o ra t i o n .  
For example,  in apex 20 no m i t o t i c  f i g u r es  were seen,  
i . e .  the m i t o t i c  index was zero ,  ye t  8.64% of  the nucle i  
had incorpora ted  thymidine.  Thymidine in cor po ra t io n  was
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Table 6. Apices l a b e l l e d  a f t e r  one hour t reatment  wi th  
e i t h e r  100 pi or 50 pi beads. Apices were 
c o l l e c t e d  and squashed one day a f t e r  t rea tment ,
50 Pi t rea tment
apex
m i t o t i c
index
percentage of  
l a b e l l e d  mitoses
percentage of  
l a b e l l e d  nucle i
1 2.44 10.25 7.83
2 2.25 50.00 18.60
3 3.81 28.28 22.69
4 0.96 44.11 4.27
5 3.15 4 .65 24.02
6 3.31 16.92 1 .07
7 1 .04 6.1 2 1 .03
8 2 .0 0 15.68 3.82
9 3.13 27.83 2.11
10 2.95 34.93 7.79
mean 2.50 23.87 9.32
100 pi t rea tment
mi t o t i c percentage of percentage of
apex i ndex l a b e l l e d  mitoses l a b e l l e d  nucle i
11 2 .2 0 25 .60 12.80
12 1 .55 29.11 7.20
1 3 2.26 20 .22 4.33
14 0 .98 14.28 16.39
15 3.01 15.62 2.99
16 3.00 26 .00 10.60
1 7 0.05 0 .0 0 9.90
18 2.50 0. 05 9.12
19 0.57 0 .0 0 10.34
20 0 .0 0 0 .0 0 8.64
mean 1 .61 13.08 9.23
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almost three t imes g r e a te r  than tha t  in apex 15 where the 
m i t o t i c  index was qu i te  high (3 .01%) .
The percent  of  l a b e l l e d  nucle i  does not vary s i g ­
n i f i c a n t l y  over the nine day c o l l e c t i o n  per iod as shown 
in Figure 9. There does seem to be a s i g n i f i c a n t  d i f ­
ference at  day 7 as compared to day 1. However, th is  
i n d i c a t i o n  is not borne out a t  day 9 where,  again ,  the 
percentage of labelled nucle i  does not d i f f e r  s i g n i f i c a n t l y  
from t h a t  at  day 1. The day 1 sample was the l a r g e s t ,  
cons is t ing  of  20 apices and, as noted above, shows a 
wide range of  v a r i a b i l i t y  in i n i t i a l  l a b e l l i n g  i n t e n s i t y .  
I t  can only be concluded from th is  data th a t  the number 
of l a b e l l e d  c e l l s  is not changing s i g n i f i c a n t l y  over  
the nine day sampling per iod.
In Table 7,  a summary is given of  the data obtained  
from the squashed m a t e r i a l .  There is a s i g n i f i c a n t  
decrease in the percentage of  l a b e l l e d  mitoses at  days 
5, 7, and 9 as compared wi th  th a t  a t  day 1. As stated  
above, there is no s i g n i f i c a n t  change in the percentage  
of l a b e l l e d  c e l l s .  The mean m i t o t i c  index does not  
appear to change wi th t ime e i t h e r .
Analyses of  sect ioned buds. Several  l a b e l l i n g  
pat te rns  were observed in sect ioned ma te r ia l  (Table 8 ) .  
The most p re va le n t  p a t te rn  shows th a t  in cor po ra t io n  
occurred throughout  the e n t i r e  bud wi th l a b e l l e d  nucle i

Percentage of labelled nuclei
CD
CO
O)
CD
CD
3
CD
Z 3
c_n
Ln
N
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Table 7. Label led apices c o l l e c t e d  and squashed on
a l t e r n a t e  days fo l lo w in g  t rea tment  wi th e i t h e r  
50 yl or 100 yl  beads. Data from the two 
t reatments has been combined to der ive  the 
values l i s t e d .  Numbers in parentheses i n d ic a te  
sample s i z e .
day
E l e c t e d
m i t o t i c  
i ndex
percentage  
of  1a b e l 1ed 
mitoses
percentage  
of  l a b e l l e d  
nucle i
1 (20) 2.06 + 0 . 5 2 * 18.48 + 6 .90 9.28 + 3 .16
3(4 ) 0.99 + 2.73 9.52 + 25.47 9.23 + 1.91
5(7) 2.03 + 1.13 4.93  + 4.09 6.10 + 5.02
7(4 ) 2 .2 0 + 1.46 1.24 + 2.19 1.82 + 1.56
9 (4 ) 2.39 + 2.35 0.40  + 1.27 2 .66  + 6.01
95% conf idence i n t e r v a l
Table 8. Buds grouped according to the s i t e s  of inc or po ra t io n  of  t r i t i a t e d
thymidine.  Buds analyzed were c o l l e c t e d  and sect ioned on a l t e r n a t e  
days fo l lo w in g  t rea tment  wi th e i t h e r  50 yl  or 100 yl  beads. Data 
from the two t reatments was combined to obta in the values l i s t e d .
c a l lu s  &
day leaves ca l lu s  c a l l u s  & leaves
c o l l e c t e d  apex leaves c a l 1 us & apex & apex leaves & apex
1
3
5
7
9
2
3
1
2
1
1
4
8
2
8
t o t a l s 22
CJlkO
60
present  in the apex, l eave s ,  and c a l l u s .  Figure 10 
i l l u s t r a t e s  the d i s t r i b u t i o n  of  mitoses and l a b e l l e d  
nucle i  in a bud c o l l e c t e d  one day a f t e r  t r ea tment .  Des­
p i t e  the r e l a t i v e l y  high degree of  m i t o t i c  a c t i v i t y  in 
the apex,  there is g r e a t e r  incor po ra t io n  of  l abel  in to  
the l e a f  primordium and dead l e a f  base on the l e f t  than 
there is in t o  the apex i t s e l f .  In seven out of  the 
e ig h t  buds c o l l e c t e d  at  day 1 which show inc or po ra t io n  
throughout  the e n t i r e  bud, l a b e l l i n g  a c t i v i t y  resembles 
t h a t  shown in Figure 10, i . e .  l a b e l l e d  nucle i  are more 
p re va le n t  in l e a f  and c a l l u s  regions than in the apex.
In the other  pa t t e rn  seen at  day 1, in co rp o ra t io n  
i n to  the apex is comparable to i f  not g r e a te r  than th a t  
i n to  other  regions of  the bud (F igure  11 ) .  I t  was th is  
second pa t te rn  t h a t  was most common in ma te r ia l  c o l l e c t e d  
subsequent to day 1, so t h a t ,  over the e n t i r e  nine day 
per iod ,  the apex was as h e a v i l y  l a b e l l e d  as the leaves  
and ca l l u s  in approximate ly  o n e -h a l f  of  the buds c o l l e c t e d .  
In the o ther  instances leaves and c a l l u s  incorporated  
thymidine to a g r e a te r  ex te n t  than the apex.
Nine days a f t e r  t r ea tm e n t ,  b lack ,  hea v i l y  l a b e l l e d  
nucle i  were s t i l l  present  in the apices of  f i v e  of  the 
e igh t  l a b e l l e d  buds (F igure  12) .  The c e l l s  conta in ing  
these black nuc le i  are us ua l l y  devoid of  a l l  contents  
except fo r  the n u c l e i ,  and thus,  they cont r as t
Figure 10. L a b e l l i n g  and m i t o t i c  p a t te rn  in bud f i x e d  
one day a f t e r  t rea tment  wi th a 50 yl bead.  
The median sect ion of  the apex wi th s ix  
sect ions on e i t h e r  side is represented.  
Empty c e l l s  i n d i c a t e  mitoses.  Blackened 
c e l l s  are l a b e l l e d .  Blackened c e l l s  wi th  
empty centers i n d i c a t e  l a b e l l e d  mi toses,
X 80.
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Figure 11. L a b e l l in g  pa t t e rn  in a bud f i x e d  one day 
a f t e r  t rea tment  wi th a 100 pi bead. The 
median sec t ion wi th s ix  sect ions on e i t h e r  
side are represented.  Blackened c e l l s  
are l a b e l l e d ,  x 80.
6 4
i #
Figure 12. D i s t r i b u t i o n  of  mitoses and l a b e l l e d  nucle i  
in a bud f i x e d  nine days a f t e r  t rea tment  
with a 100 yl  bead. The median sect ion of  
the apex wi th  six  sect ions on e i t h e r  side  
is represented.  Few l a b e l l e d  nucle i  are 
present .  Blackened c e l l s  are l a b e l l e d  and 
empty c e l l s  in d ic a t e  mi toses,  x 80.
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conspicuously wi th  the densely cytoplasmic c e l l s  surround­
ing them (F igure  13 ) .  Death probably r e s u l t s  from 
r a d i a t i o n  damage, and these c e l l s  probably never d i v id e  
a f t e r  being i n i t i a l l y  l a b e l l e d .
To determine zonal pa t te rns  w i t h i n  the apex i t s e l f ,  
the d i s t r i b u t i o n  of  mitoses and l a b e l l e d  nucle i  was 
examined in the median sect ion of  the apex and three  
sect ions on e i t h e r  side of  the median sec t i on .  This  
corresponds to a 35 p wide sect ion of  the apex. Apical  
c e l l s  of  V i c i a  faba are approx imate ly  10 y t h i c k ,  and 
thus the 35 y zone is about four  c e l l s  in th ickness.
In ge ne ra l ,  l a b e l l e d  nucle i  and mitoses appear to 
be spread evenly across the apex. There does not seem 
to be a r e s t r i c t i o n  of  m i t o t i c  or l a b e l l i n g  a c t i v i t y  
to any d e f i n a b le  "zone" of  the apex,  and no region of  
the apex is c o n s i s t e n t l y  "qu ie sce nt . "
Figure 14 i l l u s t r a t e s  an apex f i x e d  at  day 5 and 
which was sect ioned in the plane of  the s t i p u l e s .  Only 
a few l a b e l l e d  nucle i  are present .  In the median sect ion  
and th ree  sect ions on each side of  i t  (F igure  14a) ,  
three metaphases occur in the ce n t r a l  por t ion  of  the 
outer  tun ica  l a y e r .  M i t o t i c  a c t i v i t y  seems to be uniform 
throughout the apex. In the median sect ion wi th s ix  
sect ions on each side (F igure  14b) the only zonat ion  
tha t  can be seen is an apparent  concent rat ion  of  mitoses 
and l a b e l l e d  nucle i  on the r i g h t  near the l e a f  bulge.
Figure 13. Phase-contrast  image of  Feulgen s ta ined bud 
c o l l e c t e d  nine days a f t e r  t rea tment  wi th  a 
50 yl  bead. A h e a v i l y  l a b e l l e d  vacuolate  
c e l l  occurs about four  c e l l  layers  deep in 
the apex. The la rge  vacuole of  the l a b e l l e d  
c e l l  cont ras ts  to the uni fo rmly  mer is temat ic  
aspect of  surrounding c e l l s ,  x 320.
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Figure 14. M i t o t i c  and l a b e l l i n g  pa t te rn  in apex f i x e d  
f i v e  days a f t e r  t rea tment  wi th a 50 yl  bead. 
Cel ls  wi th a black dot ins ide  are l a b e l l e d .  
The other  c e l l s  represent  m i t o t i c  stages  
(p=prophase,  m=metaphase, a=anaphase,  
t= te lophase  ) .  x 200.
1 4 ( a ) .  Upper f i g u r e :  median sect ion wi th  
three  sect ions on e i t h e r  s ide .
1 4 ( b ) .  Lower  f i g u r e :  median s e c t i o n  w i t h
s i x  s e c t i o n s  on e i t h e r  s i d e .
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The apices in Figures 15 and 16 have been cut in 
the plane of  the leaves.  Both of these apices represent  
approximate ly  the bu t t ress  stage of  the plastochron or 
the e a r l i e s t  i n d i c a t i o n  of  new l e a f  i n i t i a t i o n .  For both 
apices,  the composite drawings of  the median sect ion wi th  
three  sect ions on each side f a i l  to in d ic a t e  an i n a c t i v e  
zone in the ce n t r a l  por t ion  of  the apex. Even though 
there are obvious d i f f e r e n c e s  in degree of  a c t i v i t y  
between the two ap ices ,  n e i t h e r  can be said to possess 
a ce n t r a l  "quiescent"  zone.
The apex diagrammed in Figure 17 is at  a l a t e r  
stage in l e a f  format ion wi th a new l e a f  primordium wel l  
formed. A quiescent  center  could be described in Figure  
17a but the zone would be a very narrow one, inc lud ing  
a maximum of  about e ig h t  c e l l s  in median se c t ion .  To 
be symmetrical  i t  would probably include an outer  tunica  
prophase on the r i g h t .  There is another  region of  the 
apex, on the r i g h t  f l a n k ,  which appears to be even more 
i n a c t i v e  than the summit. I t  would be impossible in 
t h is  case to d i s t i n g u i s h  between the "quiescence" of  
the f l a n k  and t h a t  of  the summit. Both "quiescent"  
regions remain more or less i n t a c t  when an ad d i t io n a l  
three sect ions on e i t h e r  side of  the median sect ion are 
considered (F igure  17b) .
Figure 15. M i t o t i c  and l a b e l l i n g  p a t te rn  in apex f i x ed  
f i v e  days a f t e r  t rea tment  wi th  a 50 yl  bead, 
Cel ls  wi th  a black dot ins ide  are l a b e l l e d .  
The o ther  c e l l s  represent  m i t o t i c  stages  
(p=prophase,  m=metaphase, a=anaphase,  
t = t e l o p h a s e ) .  x 200.
1 5 ( a ) .  Upper f i g u r e :  median sect ion wi th  
three  sect ions on e i t h e r  s ide .
1 5 ( b ) .  Lower  f i g u r e :  med ian  s e c t i o n  w i t h
s i x  s e c t i o n s  on e i t h e r  s i d e .
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Figure 16. M i t o t i c  and l a b e l l i n g  p a t te rn  in apex f i x ed  
f i v e  days a f t e r  t reatment  wi th  a 50 yl  bead 
Cel ls  wi th a black dot ins ide  are l a b e l l e d .  
Other c e l l s  represent  m i t o t i c  stages  
(p=prophase,  m=metaphase, a=anaphase,  
t = t e l o p h a s e ) .  x 200.
1 6 ( a ) .  Upper f i g u r e :  median sect ion wi th  
th ree sect ions on e i t h e r  s ide .
1 6 ( b ) .  Lower  f i g u r e :  med ian  s e c t i o n  w i t h
s i x  s e c t i o n s  on e i t h e r  s i d e .
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Figure 17. M i t o t i c  and l a b e l l i n g  p a t te rn  in apex f i x e d  
seven days a f t e r  t rea tment  wi th  a 50 pi bead 
Cel l s  wi th  a black dot ins ide  are l a b e l l e d .  
The other  c e l l s  represent  m i t o t i c  stages  
(p=prophase,  m=metaphase, a=anaphase,  
t= te lo ph as e ,  q . c . =quiescent  c e n t e r ) ,  x 200.
1 7 ( a ) .  Upper f i g u r e :  median sect ion wi th  
three  sect ions on e i t h e r  s ide .
1 7 ( b ) .  Lower  f i g u r e :  med ian  s e c t i o n  w i t h
s i x  s e c t i o n s  on e i t h e r  s i d e .
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A d i s t i n c t  quiescent  cente r  then is l acking despi te  
d i f f e r e n c e s  in the plane in which the apex is sect ioned,  
despi te  d i f f e r e n c e s  in i n t e n s i t y  of  m i t o t i c  or l a b e l l i n g  
a c t i v i t y  and despi te  d i f f e r e n c e s  in the stage of  l e a f  
product ion .  Of the 34 apices examined, 23 conform to 
th is  g e n e r a l i z a t i o n .
In nine of  the 34 apices examined, a broad quiescent  
center  could more or less be descr ibed in the d i s t a l  
port ion  of  the apex whi le  in the subdista l  regions mitoses 
and l a b e l l e d  nucle i  were more or less uni form in d i s t r i ­
but ion.  The degree of  "quiescence" was h igh ly  v a r i a b l e  
in th is  group of  apices.  In Figure 18a the d i s t a l  por t ion  
of the apex appears to be less a c t i v e  than the r e s t  of  
the apex,  but t h i s  apparent  zonat ion complete ly  disappears  
when a c t i v i t y  in the median sect ion and six sect ions on 
e i t h e r  side are considered (F igure  18b) .  In the apex 
diagrammed in Figure 19, the d i s t a l  por t ion  is s t i l l  
r e l a t i v e l y  i n a c t i v e  when the median sect ion and s ix  
sect ions on e i t h e r  side are considered (F igure  19b) .
A quiescent  center  and an i n d i c a t i o n  of  d i f f e r e n t i a l  
subdis ta l  a c t i v i t y  could be d i s t i n c t l y  seen in only two 
of the 34 apices (F igure  20a ) .  A zone of i n a c t i v i t y  
ar ises  deep w i t h i n  the cente r  of  the apex and f l a r e s  out  
i n to  a much broader zone a t  the d i s t a l  end of  the apex.
Figure 18. M i t o t i c  and l a b e l l i n g  p a t te rn  in apex f i x e d  
nine days a f t e r  t rea tment  wi th a 50 pi bead 
Cel ls  wi th a black dot ins ide  are l a b e l l e d .  
The o ther  c e l l s  represent  m i t o t i c  stages 
(p=prophase,  m=metaphase, a=anaphase,  
t= te lo ph as e ,  q . c . =quiescent  c e n t e r ) ,  x 200.
1 8 ( a ) .  Upper f i g u r e :  median sect ion wi th  
three  sect ions on e i t h e r  s ide .
1 8 ( b ) .  Lower  f i g u r e :  med ian  s e c t i o n  w i t h
s i x  s e c t i o n s  on e i t h e r  s i d e .
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Figure 19. M i t o t i c  and l a b e l l i n g  p a t te rn  in apex f i x e d
three days a f t e r  t rea tment  wi th a 100 pi bead, 
Cel l s  wi th  a black dot ins ide  are l a b e l l e d .
The o ther  c e l l s  represent  m i t o t i c  stages  
(p=prophase,  m=metaphase, a=anaphase,  
t= te lophase  ) .  x 200.
1 9 ( a ) .  Upper f i g u r e :  median sect ion wi th  
three  sect ions  on e i t h e r  s ide .
1 9 ( b ) .  Lower  f i g u r e :  median s e c t i o n  w i t h
s i x  s e c t i o n s  on e i t h e r  s i d e .
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Figure 20. M i t o t i c  and l a b e l l i n g  pa t te rn  in apex f i x e d  
nine days a f t e r  t rea tment  wi th  a 100 pi bead 
Cel ls  wi th a black dot ins ide  are l a b e l l e d .  
The other  c e l l s  represent  m i t o t i c  stages  
(p=prophase,  m=metaphase, a=anaphase,  
t  = t e lo p h a s e ) .  x 200.
20 ( a ) .  Upper f i g u r e ;  median sect ion wi th  
three sec t ions  on e i t h e r  s ide .
2 0 ( b ) .  Lower  f i g u r e :  median s e c t i o n  w i t h
t h r e e  s e c t i o n s  on e i t h e r  s i d e .
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This zonal p a t te rn  is less d i s t i n c t l y  seen in the median 
sect ion wi th s ix  sect ions on e i t h e r  side (F igure  20b) .
Table 9 summarizes the apica l  zonat ion pa t te rns  
discussed above. There is no t rend over the nine days 
fo r  the development or loss of  a quiescent  cente r  from 
the apex.
Table 9. Buds grouped according to the pa t t e rn  of  l a b e l l i n g  and m i t o t i c  a c t i v i t y  
in the apex. Buds analyzed were c o l l e c t e d  and sect ioned on a l t e r n a t e  
days fo l lo w in g  t reatment  wi th  e i t h e r  50 yl or 100 yl beads. Data from 
the two t reatments  was combined to obta in  the values l i s t e d .
number of  l a b e l l e d  buds 
day wi th no d i s t i n c t
c o l l e c t e d  quiescent  cente r_____
number of  l a b e l l e d  buds wi th poss ib le  
______________ quiescent  center___________
lack of  zonat ion of  
mitoses and l a b e l l i n g  
in subd is ta l  apex
zonat i  on of  mi toses 
and l a b e l l i n g  in 
subd is ta l  apex
1
3
5
7
9
6
3
8
3
3
2
1
t o t a l s 23
00
Chapter IV 
DISCUSSION
Ear ly  at tempts to in t roduce t r i t i a t e d  thymidine in to  
the shoot apex were not always success fu l .  G i f f o r d  
(1960)  placed i n t a c t  Chenopodium p lants in r a d i o a c t i v e  
l i q u i d  c u l t u r e  medium and found th a t  only root  t i p  nucle i  
were l a b e l l e d .  He concluded t h a t  t r i t i a t e d  th ym id ine 
was not t ranspor ted  r e a d i l y  out of  the roots by the 
t r a n s p i r a t i o n a l  stream. However, when thymidine was 
app l ied  dropwise to termina l  buds which had been p re ­
t r e a t e d  wi th a we t t ing agent ,  in cor po ra t io n  occurred  
r e a d i l y  in t o  l eaves ,  the apex,  and the subjacent  stem.  
G i f fo r d  et  a l .  ( 1 9 6 3 ) ,  in comparing four  d i f f e r e n t  
techniques of  thymidine a p p l i c a t i o n ,  again concluded 
tha t  d i r e c t  a p p l i c a t i o n  to the shoot t i p  was the most 
e f f e c t i v e  way to obtain apex l a b e l l i n g .  In ref inements  
of  the shoot t i p  a p p l i c a t i o n  method, excised apices  
have been cu l tu red  on l i q u i d  medium conta in ing  t r i t i a t e d  
thymidine (Steeves e t  a l . ,  1969) or thymidine t h a t  has 
been app l ied  to the sur face of  the apex i t s e l f  (Langen-  
hauer e t  a l . ,  1975) .
8 8
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There is a lack of  s p e c i f i c i t y  in these techniques  
in th a t  the e n t i r e  bud, apex,  or ap ica l  surface is  
"bathed" in thymidine.  The Sephadex bead technique used 
in t h i s  study a f f o r ds  a g r e a te r  degree of  cont rol  over  
the a p p l i c a t i o n  of  thymidine to the apex. Thymidine 
can en te r  the apex only a t  the po int  where the bead is
in contact  wi th the ap ica l  sur face .  The beads used were
approximately  20pm in d iameter ,  the s i ze  of  two of  the 
surface c e l l s  of  the V i c i a  apex. Thus the apex was fed 
from a h igh ly  l o c a l i z e d  source of  thymidine.  L a b e l l in g  
was also l o c a l i z e d  in a temporal  sense in t h a t  the beads
were removed from the apex a f t e r  one hour.
V ic ia  provided e x c e l l e n t  ma te r ia l  f o r  th is  type of  
study f o r  several  reasons.  The apex is l a r g e ,  about  
200 pm in d iameter ,  and has a high dome. As noted by 
Bal l  ( 1962,  1972) the sur face c e l l s  of the apex are  
green and th ic k  wal led so t h a t  i n d iv id u a l  c e l l s  are  
e a s i l y  d i s c e r n i b l e .  The ph y l lo ta x y  is d i s t i c h o u s ,  i . e .  
one l e a f  a t  a node and each new l e a f  occurs 180° around 
the stem from the preceding one, so t h a t  the apex can 
be p r e c i s e l y  o r ie n te d .
I t  is thus q u i te  easy to place a c cu r a t e l y  a thymi ­
dine loaded Sephadex bead in a s p e c i f i c  lo c a t i o n  on the 
surface of  the V ic ia  apex. Sephadex beads could also  
be used in th is  manner to apply other  substances such
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as c o l c h i c i n e ,  n u t r i e n t s ,  and hormones to p la n t  surfaces.  
Ion-exchange res in  beads were used f o r  th is  purpose by 
Gee (1972)  in apply ing lAA to Col eus in te rnodes .  However,  
ion-exchangers w i l l  only re lease  the substances they  
carry  when in contact  wi th an e l e c t r o l y t e  so lu t ion  
( H e i f f e r i c h ,  1962) such as is provided by a cut p lant  
sur face .  Sephadex beads, on the other  hand, re lease  
substances on the basis of  d i f f u s i o n  grad ien ts  and can 
feed d i r e c t l y  in t o  the i n t a c t  p lan t  body.
In the present  study on V i c i a  faba only 36% of the 
t r ea te d  apices incorpora ted  thymidine from the Sephadex 
beads. The lack of  t o t a l  in co rp o ra t io n  was not due to 
d i f f e r e n c e s  in m i t o t i c  a c t i v i t y  since apices wi th low 
m i t o t i c  a c t i v i t y  showed s i g n i f i c a n t  l a b e l l i n g .
The low percentage of  in co rp o ra t io n  was also probably  
not due to d i f f e r e n c e s  in bead s t re ngt h .  Whether the 
beads were t r e a t e d  wi th 50 yl  or 100 yl o f  thymidine,  
the percentage of  inc or po ra t io n  of  thymidine in to  the 
apices from the beads did not change.
For in s tance ,  in the l a rge  group of  mate r ia l  
squashed a t  one day the number of  apices l a b e l l e d  f o l ­
lowing t rea tment  wi th a 50 yl  bead was the same as the 
number l a b e l l e d  fo l lo w in g  t reatment  wi th a 100 yl  bead.  
More i m p o r ta n t l y ,  the percentage of  l a b e l l e d  nucle i  
w i t h in  the apices was comparable,  whether inc or po ra t io n
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was from a 50 y l  or a 100 y l  bead. Over the e n t i r e  nine  
day per iod the number of  apices l a b e l l e d  due to each 
t rea tment  was the same.
Thus the 50 pi beads are as e f f e c t i v e  in l a b e l l i n g  
the apex as the 100 yl beads. A s a tu r a t io n  point  has 
probably been reached a t  50 yl , and inc reas ing  the 
r a d i o a c t i v i t y  of  the beads w i l l  not increase the number 
of  l a b e l l e d  buds. Some f a c t o r  independent of  bead 
s t rength is prevent ing increased in c o r p o r a t i o n .  I t  is 
be l ieved t h a t  t h is  f a c t o r  is some b a r r i e r  to thymidine  
d i f f u s i o n  a t  the ap ica l  su r face ,  probably the c u t i c l e .
The c u t i c l e  could be more f u l l y  developed in some buds 
than in others since the dissected l a t e r a l  buds did 
not re pr es en t ,  deve lopmenta l l y ,  a uni form popu la t ion.  
Rather they occupied a wide ranging ser ies  of  ages. D i f ­
ferences in developmental  stage could be r e f l e c t e d  in 
d i f fe r e n c e s  in c u t i c l e  th icknes s ,  and th is  could 
account f o r  the lack of  thymidine in co rp o ra t io n  in to  
a l l  o f  the ap ices.
When in co rp o ra t io n  does occur,  thymidine r a p i d l y  
d i f f u s e s  throughout  the e n t i r e  bud. Leaves and basal  
ca l l u s  are l a b e l l e d  as r e a d i l y  as the apex i t s e l f .  Even 
though the apex is m i t o t i c a l l y  a c t i v e ,  leaves and c a l lu s  
are s t i l l  he av i l y  l a b e l l e d .  M i t o t i c  a c t i v i t y  is h igh ly  
c o n t r o l l e d  in the apex and associated wi th o r d e r l y
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organogenic fun c t io n s .  Ne i t her  order  nor control  to 
c e l l  d i v i s i o n  is ev iden t  in c a l lu s  reg ions ,  thus c rea t ing  
a thymidine s ink .  D iv is io n  is o r d e r l y  in the l eaves,  
but as the primordium develops,  the growth is lobed in to  
the f i v e  i n d iv id u a l  growth centers  of  the compound l e a f ,  
each of  which can serve as a thymidine s ink .
The percentage of  l a b e l l e d  mitoses did decrease 
s i g n i f i c a n t l y  wi th t ime as shown by the ana lys is  of  
squashed ap ices .  This could be an i n d i c a t i o n  t h a t  some 
c e l l s  su f fe re d  r a d i a t i o n  damage and were unable to 
cont inue normal mer is temat ic  fu nc t i on s .  Further  evidence  
f o r  t h i s  po in t  is the f a c t  t h a t  as the percentage of  
l a b e l l e d  mitoses dropped, the percentage of  l a b e l l e d  
c e l l s ,  i . e .  l a b e l l e d  in terphase n u c l e i ,  remained constant .  
Also,  dead he av i l y  l a b e l l e d  nucle i  could be found in 
normal ly  mer is temat ic  regions of  sect ioned ap ices.  Thus,  
the presence in the apex of  l a b e l l e d  n u c l e i ,  e s p e c i a l l y  
he av i l y  l a b e l l e d  ones, nine days a f t e r  t rea tment  could 
r e f l e c t  damage done to the nucle i  by i r r a d i a t i o n  from 
the thymidine.
The apex o f  V ic ia  faba was one of  the f i r s t  to be 
examined by the French in terms of  the "meristeme  
d ' a t t e n t e "  theory .  As descr ibed by Lance (1952)  the 
apex consisted of  "an ax ia l  region very poor in mitoses  
throughout  i t s  e n t i r e  length and notably  so a t  the
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summit." Alongside t h i s  zone were "two l o n g i t u d i n a l  
bands very r i c h  in mitoses and symmetrical  wi th  respect
to the axis o f  the apex." The summit of  the apex was
"complete ly  devoid of  m i toses . "
Observat ions by Bal l  (1963)  on the l i v i n g  apex of  
V ic ia  co n t r ad ic te d  Lance's a n a l y s i s .  Bal l  excised the
apex of  V ic ia  onto c u l t u r e  and t raced c e l l  d i v is io ns  in
the sur face l a y e r .  No evidence of  a "quiescent  center"  
was found. Nougarede (1967)  c r i t i c i z e d  th is  work since  
coconut mi lk  and g i b b e r e l l i c  acid were used in the  
c u l t u r e  medium. She f e l t  th a t  these substances could 
be inducing mitoses in c e l l s  th a t  normal ly  were i n a c t i v e .
Of the 34 apices examined in the present  study,  
only two f i t  Lance's (1952)  o r g a n iz a t i o n a l  scheme fo r  
the V i c i a  apex. Lance used the two most median 5 pm 
sect ions of  the apex in co ns t ruc t ing  her scheme. This  
represents approximate ly  one c e l l  o f  the apex. In the 
present  study a 35 pm th ic k  sect ion of  the apex ( the  
median sect ion wi th three  sect ions on e i t h e r  side of  i t )  
was used to determine ap ica l  o r g a n iz a t io n .  This r e p r e ­
sents a th ickness of  approx imate ly  three or four  c e l l s .
I f  the quiescent  zone i n d ic a te d  by Lance f o r  V ic ia  were 
symmetrical  in a l l  p lanes,  i t  should be at  l e a s t  s ix  
c e l l s  t h i c k .  I t  is inconceivab le  th a t  any zonal pa t te rn  
in the c e l l s  of  the median sect ion would disappear  merely
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by going out an a d d i t i o n a l  one or two c e l l s .  Thus the 
lack of  quiescence as in d ic a te d  by the present  study  
cannot be due to the f a c t  th a t  a 35 ym area r a th e r  than 
a 10 ym area of  the apex was examined.
The c u l t u r e  medium used in the present  study did  
contain a c y to k in in  ( benzyl adenine ) and Nougarede's  
(1967)  po int  o f  hormonal s t im u la t i o n  of  m i t o t i c  a c t i v i t y  
could exp la in  the lack of  a quiescent  ce n te r .  However,  
th is  po int  becomes quest ionable  since Bal l  (1972)  showed 
th a t  even on the i n t a c t  p l a n t ,  sur face c e l l s  of  the 
"quiescent  center"  of  the V i c i a  apex are m i t o t i c a l l y  
a c t i v e .
The "meristeme d ' a t t e n t e "  theory was modi f ied to 
acknowledge the occasional  presence of  mitoses in the 
d i s t a l  region (Buvat ,  1955) .  This was descr ibed as 
" r e g e n e ra t i o n . "  The per iphera l  "anneau i n i t i a l "  en­
croaches upwards in to  the d i s t a l  apex to regenerate  
i t s e l f  a f t e r  having produced a l e a f .  However, th is  
phenomenon was considered more c h a r a c t e r i s t i c  of  small  
apices and i n a p p l i c a b l e  to l a r g e r  ones such as V i c i a .
Thus regenera t ion  cannot be used to exp la in  the lack of  
a quiescent  region in the apex of V ic ia  as found in the 
present  study.
According to the meristeme d ' a t t e n t e  the or y ,  the 
d i s t a l  por t ion  of  the apex becomes a c t i v e  only at
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reproduct ion (Buvat ,  1952) .  However, th is  r e fe rs  to 
species which develop a te rmina l  f lower  or a terminal  
i n f l o r e s c e n c e .  In V ic ia  f l o r a l  buds are always a x i l l a r y  
and a ve ge t a t i v e  apex never t ransforms in to  a reproduct ive  
one. Thus, the f a c t  tha t  no quiescent  cente r  was found 
in the present  study cannot be expla ined on the basis of  
f l o r a l  t r a n s i t i o n  changes.
In I ropaeo lum, which also produces a x i l l a r y  f lo we rs ,  
Nougarede (1967)  claimed th a t  the apex underwent two 
v e ge ta t i v e  phases. When young, a d i s t i n c t  quiescent  
cente r  could be observed.  A x i l l a r y  f l o r a l  buds appear  
a f t e r  the seventh l e a f  is produced. The termina l  apex 
remained v e g e t a t i v e  and cont inues to produce l eaves,  
but m i t o t i c  a c t i v i t y  is evenly spread throughout the apex.
Such a change could take place in the apex of  V ic ia  
when f l o r a l  buds form. However, in Lance's (1952)  diagram 
of the V ic ia  apex a t  the repr od uc t ive  stage there  is s t i l l  
a ce n t r a l  region devoid of  mi toses.  In the present  study  
no evidence of  f l o r a l  bud development was seen in any of  
the sect ioned m a t e r i a l .
I t  should be noted t h a t  the work on V ic ia  done by 
Lance (1952)  and Bal l  (1963,  1972) r e fe r s  to the termina l  
shoot bud whi le  in the present  study l a t e r a l  apices were 
used. In Pi sum, Nougarede and Rondet (1973)  descr ibe a 
quiescent  cente r  fo r  the te rmina l  apex,  and there  is also
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a quiescent  cente r  present  in the i n h i b i t e d  l a t e r a l s  
(Nougarede and Rondet,  1975b) ,  However, when l a t e r a l  
buds are re leased from ap ica l  dominance, zonat ion d i s ­
appears,  and m i t o t i c  a c t i v i t y  becomes evenly d i s t r i b u t e d  
across the apex. I t  is possible  th a t  the same phenomenon 
occurs in the l a t e r a l  buds of  V ic ia  so th a t  the lack of  
a quiescent  cente r  would r e f l e c t  a c t i v i t y  induced in the 
apex by removal of  ap ica l  i n h i b i t i o n .
However, as noted by Naylor  (1957)  ap ica l  dominance 
in V i c i a  faba is incomple te ly  expressed,  and growth of  
l a t e r a l  buds is not t o t a l l y  i n h i b i t e d .  Also,  the excised  
apices used in the present  study were al lowed to e q u i l i ­
brate  wi th c u l t u r e  cond i t ions fo r  three days before they  
were t r e a t e d .  Thus the buds should be in t h e i r  normal 
a c t iv e  growth phase, and the ap ica l  o r ga n i z a t io n  pa t te rn  
cannot be said to r e f l e c t  immediate changes due to the 
re lease  from ap ica l  dominance.
The data o f  Nougarede and Rondet (1975b) on m i t o t i c  
a c t i v i t y  in the l a t e r a l  apex of  Pi sum was fo r  i n t e r v a l s  
up to 66 hours a f t e r  the re lease from i n h i b i t i o n .  At 
66 hours,  the m i t o t i c  index of  the d i s t a l  zone of  the 
apex was i d e n t i c a l  to t h a t  of  the per iphera l  zone. I t  
was unclear  i f  a quiescent  zone would ev en t u a l l y  be 
es t ab l i shed  in the re leased l a t e r a l  apex of  Pi sum or i f  
the lack of  zonat ion at  66 hours r e f l e c t s  the permenent  
org an iza t io n  of  the apex.
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At 66 hours,  the m i t o t i c  index of  the d i s t a l  zone 
of  the l a t e r a l  apex was i d e n t i c a l  to t h a t  of  the p e r i ­
pheral  zones. The m i t o t i c  index of  the d i s t a l  zone of  
the l a t e r a l  apex was also s i m i l a r  to t h a t  of  the d i s t a l  
port ion of  the termina l  apex,  ( In  the termina l  apex the  
m i t o t i c  index of  the d i s t a l  zone was s t i l l  lower than 
t h a t  of  the per iphera l  r e g i o n s . )  Nougarede and Rondet 
(1975a)  s t a te  t h a t  "the r a p i d i t y  of  the plastochron" is  
the reason f o r  the high m i t o t i c  index in the d i s t a l  
por t ion of  the te rmina l  apex. I t  is unclear  i f  they are 
implying t h a t  the same reason expla ins  the lack of  zonat ion  
in the l a t e r a l  apex where,  wi th the re lease  from apica l  
dominance, leaves are also r a p i d l y  produced (Nougarede 
and Rondet,  1974) .  In the present  study on V i c i a , how­
ever ,  leaves were only s lowly  produced on c u l t u r e  a t  a 
ra te  of  approximate ly  one every f i v e  days.
The l a t e r a l  buds of  Pi sum were producing a x i l l a r y  
f l o r a l  buds a t  the t ime they were studied (Nougarede 
and Rondet,  1974) .  Again,  i t  is  unclear  i f  th is  is to 
be considered the reason f o r  the lack of  quiescence in 
the d i s t a l  zone.
There is also a quiescent  zone in the i n h i b i t e d  
l a t e r a l  buds of  T radescant ia  (Yun and Naylor ,  1 973) .
The zone disappears when these buds are re leased from 
i n h i b i t i o n ,  and quiescence has not been re es ta b l i s h ed
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even a f t e r  53 days. However, there  is no quiescent  zone 
in the termina l  apex of  Tradescant ia  e i t h e r .
No mat ter  which model is used to expla in  the lack  
of a quiescent  cente r  in the apex of  V i c i a , as shown in 
the present  study,  the po in t  to be made is th a t  a c t i v i t y  
in the d i s t a l  por t ion  of  the apex r e s u l t s  in the pro­
duct ion of  l e a f  pr imordia  and cont inued v e ge t a t i v e  
growth.  According to the"meristeme d ' a t t e n t d '  concept  
(Buvat ,  1952) ,  f l o r a l  pr imordia  should be produced when 
the d i s t a l  apex is a c t i v e .  However, i t  is impossible  
fo r  a v e g e t a t i v e  shoot apex of  V ic ia  faba to ever  
produce f l o r a l  p r imord ia .
Thus, a v e g e t a t i v e  V i c i a  apex is permanent ly vege­
t a t i v e .  I t  can only produce l e a f  pr imordia  and w i l l  
never form f l o r a l  p r imord ia .  In terms of  the French 
concept ,  the d i s t a l  por t ion  of  the V i c i a  apex should 
remain i n a c t i v e  throughout  the e n t i r e  l i f e  span of  the 
p l a n t .  Ce l ls  of  t h i s  zone should be permanent ly qu ies ­
cent .  The present  study ind ic a te s  th a t  these c e l l s  are  
a c t i v e ,  c o n t r i b u t i n g  to cont inued normal v e g e t a t i v e  
growth of  the apex.  Thus the apex as a whole funct ions  
in ve ge t a t i v e  development.
Chapter V 
SUMMARY
C ul t u r in g  excised l a t e r a l  buds of  V ic ia  faba r es u l t s  
in uni form h is togen ic  a c t i v i t y  across the apex as i n d i ­
cated by m i t o t i c  and l a b e l l i n g  pa t t e rn s .  I n i t i a t e d  
thymidine appl ied  as a po in t  source to the sur face of  
the apex f o r  one hour is incorpora ted  by 36% of  the  
apices t r e a t e d .  The lack of  t o t a l  in co rp o ra t io n  is 
probably due to the presence of  a d i f f u s i o n  b a r r i e r  to 
thymidine p e ne t r a t io n  in c e r t a i n  of  the buds. I t  is  
suspected t h a t  t h i s  b a r r i e r  may be a d i f f e r e n t i a l  c u t i c l e  
thickness in the buds.
When thymidine pe ne t r a t io n  does occur ,  the isotope  
r a p i d l y  d i f f u s e s  throughout  the e n t i r e  bud even though 
the i n i t i a l  a p p l i c a t i o n  s i t e  is a h igh ly  l o c a l i z e d  point  
source.  The apex serves as a sink f o r  thymidine but  
leaves and basal c a l l u s  in corpora te  thymidine j u s t  as 
r e a d i l y .  This in d ic a te s  rap id  movement of  thymidine  
to s i t e s  o f  DNA synthesis in the apex,  c a l l u s ,  and leaves
No s i g n i f i c a n t  change in l a b e l l i n g  pa t te rns  can be 
shown over the nine days in c u l t u r e .  This probably  
r e f l e c t s  the l a rge  amount o f  v a r i a t i o n  in i n i t i a l
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l a b e l l i n g  p a t t e r n s .  A nine day po s t - t r ea t m en t  per iod is  
not s u f f i c i e n t l y  long to f lush  thymidine complete ly from 
the apex.
The cu l tu red  apices of  V ic ia  lack a quiescent  
center. Within the apex, the p a t te rn  of  l a b e l l i n g  and m i t o t i c  
a c t i v i t y  suggests th a t  a l l  regions are c o n t r ib u t in g  
equa l l y  to ve ge t a t i v e  growth.  In 23 of  the 34 apices  
th a t  were examined, m i t o t i c  f i g u r es  and l a b e l l e d  nucle i  
were evenly d i s t r i b u t e d  across the apex,  there was no 
ev iden t  r e s t r i c t i o n  of  a c t i v i t y  to any one p a r t i c u l a r  
zone. In nine of  the 34 ap ices ,  a d i s t a l ,  i n a c t i v e  
region could be descr ibed,  but m i t o t i c  f i g u r es  and 
l a b e l l e d  nucle i  were evenly d i s t r i b u t e d  throughout  the  
subd is ta l  por t ion  of  the apex. Only in two of  the 34 
apices was there  a d i s t i n c t l y  i n a c t i v e  d i s t a l  region  
as wel l  as a ce n t r a l  i n a c t i v e  area in the subdista l  
region.
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